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TECHNICAL MANUAL 

ORIENTATION FOR ARTILLERY 

Changes! WAR DEPARTMENT 

" - Washington, D. C, 19 February 1945 

25, 30 June 1944, is changed as follows: 

Designation Grid. 

a. Aerial photographs are * * * distance or azimuth, lor 
convenience, the dimension of the grid square is 1.44 inches; the 
1:25,000 scale may then be used for determining and plotting the 
coordinates of points. , • i 

b. The point designation grid may be printed on the photo (as is the case 
with the wide-angle photo, fig. 49) or, for photos without the grid a 
transparent template with the grid printed on it— the point desig- 
nation grid template— may be used. It is essential that all con- 
cerned place the grid or template on tiie photo in exactly the same 
manner. For vertical photographs the usual procedure is: turn 
the photograph so the marginal information, whether Panted 
at top or at bottom, is in the normal reading position. The 
bottom of the photograph then is the edge nearest you. Draw 
the grid line AA through the fiducial marks at top and bottom 
of the photograph. Fiducial marks are also known as collima- 
tion marks. Draw the grid line MM through the fiducial marks 
on the sides. The intersection of these lines is the center of 
the photograph. Additional grid Unes are drawn parallel to 
AA and MM at 1.44 inch spacing. Those parallel to and above 
MM are lettered NN, 00. PP, QQ. etc. Those parallel to and 
below MM are lettered ZZ. YY. XX. WW. etc. Lines to the 
right of AA are lettered BB. CO. DD. etc.. and those to the left 
^ ■ ^ JJ. n. etc. When an obUque photograph is used, it 

in the normal photo-reading position and grid Unes 
d as described above. 
1 etermine the * * * the fire-control grid. For example, 
using a 1:26,000 scale to the nearest ten yards, the coordinates ot 
the point in figure 50 are KN7763. If less accuracy is sufiicient, the 
coordinates arc KN86. 
lAG 300.7 (14 Feb45).l 
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r^, , . oo-^ 30 June 1944, is changed as follows: 



' 6. A scale could * * * as an indicator. Fijures 9 to 17, in- 
elusive, illustrate the construction and method of reading a 
vernier. 

39. Stadia 

a The stadia is * * * is not required. For this purpose 
two additional horizontal hairs, called stadia hairs are carried in the 
transit telescope on the same reticle as the cross hairs and are placed 
equidistant from the horizontal hair. 

58. Types of projections 

* * 

c. PoLYCoNic Projection. 

(3) A map prepared in this way shows very little distortion for 
narrow areas (east to west), the maximum error in a map whose 
width is 10° east to west being about 0.22 of 1 percent. This is 
smaller * * * figs. 30 and 31.) 

V * • *. 

65. DetermI»-*»^Ion of grid coordinates 

.. gsini>.pa] ♦ ♦ * of a point: 

* . * 

. .Tsion of geographic coordinates to military grid co- 
pies by formula is explained in paragraph 117/, TM 5-235. 
* 

70. Computation of grid azimuth and distance 

* . * * * * I * 

b. Ay Corrections. The azimuth and * * * of scale error. 
The error of the polyconic projection is a result of projectmg a 

AQOaiC 610403°— 44 
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curved surface onto a plane. (See figures 43 to 47, inclusive.) The 
correction for * * * is being used. 

* * * * ,1. * . * 

99. Measurement of angles 

i * * * *. * * , * 

h. In figure 62 * * * at each station. 

* * * * ♦ * 

(3) Plunge the telescope * * * left of sight. Then, using the 
upper motion only, direct the telescope on the next station C and record 

the reading of vernier A. If the station * * * by the recorder. 

. * * * * * * * 

102. Example of field notes 

a. Traverse from No. 7 to gun directing point (DP) military grid 
coordinates of No. 7: X= 675,578.0 

F= 1,580,779.5 Zone "A" 
Latitude 37° 00' N. Longitude 76° 18' 24" W. 



lOS. Calculation of AX and AY 

* * * * * * ♦ 

b. Take the first * * * in this quadrant. The equation in 
this quadrant shows that 
+ Ax=D sin B 
— Ay=D cos B 
■ * * * • . * * * * 

115. Solution of problem— Azimuth and lengtli of base line 
known 

* * * * ♦• * ,1. 

b. Given the coordinates * * * =89°30'. 
Length of line ^ to P is, by the law of sines: 

distance ylB ' ■ ^'^ 

/^^-sin angle APB^^''' ^"^^^ 

and the length of line i? to P is 

PD_ distance ^i? v. . , 

sin angle APB^^''' ^^"^le BAP 

By logarithms: 

Distance -A to P: 
Log^— i?=2.03371 

* • * * * • • * ' * 
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120. Problem 



I. Length and azimuth of BA 



- azimuth=125°06'49" 

(180°— bearing) 
BA = Ax/s'm bearing 
Log Ax=3.29026 
Log sin 54°53'11" =9^91276 (subtract) 
Log 5^=3.37750 
5^1=2385.1 

II. Length and azimuth of CA 



XoiA 
XoiC 

Ax 
Fof yl 
Y oi C 

Ay 



= 702702.0 
= 698835.0 
= 3927.0 
= 974103.0 
= 977302.0 
3199.0 



Mag. correction 

Ay correction 
Corrected Ay 
Log 3927 (Aj:) 
Log 3196.3 (A?/) 
Log tan bearing 
bearing 



.685 -f .986 



=.835 



2 

: .835X3. 199 = -2.7 
=3196.3 
=3.59406 

=3.50465 (subtract) 



= 0.08941 
= 50°51'23" 
azimuth =129°08'37" 



CA- 
Log Ax= 
Log sin 50°51'23" = 
LogC^ = 
CA- 



(180°— bearing) 
= Ax/sin bearing 
= 3.59406 

= 9.88962 (subtract) 

=3.70444" 

= 5063.4 



V. Length BP 

* * * * 

c. Ax=BP sin bearing 

Log j5P=3. 42104 



Ay=BP cos 
bearing 
Log BP=3. 42104 
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Lost sin bearinf2:=9. 87051 



Log Ax=3. 29155 

Ax= 1956. 8 
A' of = 700811. 
Xcoor. of P= 702767. 8 



Log cos bearing= 9. 82620 
Log Ay =3. 24724 
Mag. of Ay= 1767. 

scale corr. (1.7G7 x .835)= +1.5 

1768. 5 
Fof ^= 975476.0 
Fcoor. of P=977244. 5 

* Id 4i * 



121. Comparison of methods 

It has been * * * some particular way. If the reconnaissance 
officer realizes the advantage of each method over tlio other, he is 
able to work to better advantage in the field. 

139. Errors 

!)■ * <t> l|l * l|l 4i 

g. Mistakes in recohding and computing. Transposing figures, 
recording foresight as backsight or omitting a fore or backsight 
entirely are among the common mistakes. A convenient check on the 
computations is obtained by the following rule: add all backsights 
together; add all turning point foresights, including the foresights 
on the closing point, together; the difference between these sums 
should equal the difference between the elevations of the starting 
and closing stations. 




Figure 106. — Standard time tones in the United States. 
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I^SG, Procedure at culmination 

The transit should * * * minutes of angle. 

l-dd* Procedure 

Set the transit * * * vertical cross hairs. When the star has 
been bisected precisely by both cross hairs at the same time, read 
and record the readin- of the vertical and horizontal scales. Several 
observations should ♦ * * to increase accuracy. 

206. Computation 

The standard Ageton form * * * entered under the v-alue. 
rhe value of combined K and 4> in the third column is found by 
adding arithmetically the values of K and </> if 2^ and </> are of different 
signs or subtracting if they have the same sign. The K and </> value 
* * * on the form. 

m. Example of azimuth determination by solar observation 

Figure 146 is an example of the complete computations of grid 
azimuth using the hour angle method, Ageton formulas and tables. 
For a detailed * * * an erroneous solution. 

****** 

219. Computation 

The mean values are * * * The computations for the sun obser- 
vations by the altitude method a re based on the f ormula: 

/ cos S cos {S^^^ 
cosJ$Z=-y cos</>cosA 

Z= bearing from elevated pole 

* * 

S^y^ (^,+^+A) = K (ll2°53.6'+36°00.0'+20°43.60 = K (109^37.2') = 

84^8.6' . 

„ /cos S cos {S-v) 
cos K cos 4> cosh 

^^-84°48.6' ;-Seos^ T Q of.fiO 

S^/>=:84°48.6'-112°53.6'. l^og cos (S--p)= 9. 94560 

=2S°05.0' ^""^ ^ ^' ^ 
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GENERAL 



Section I. GENERAL 

1. Definition 

Orientation is defined as any process by which direction is ascertained. 
When the word orientation is used in connection with artillery, however, 
it includes the location of points in both a horizontal and vertical direc- 
tion, and the establishment of lines of known length and azimuth. 

2. Methods 

The methods of solution of an orientation problem are dependent 
upon the time available for the solution and the equipment at hand. 
The methods presented in this manual include both quick, approximate 
methods and more lengthy, precise methods. 

3. Precision 

Precision is the ideal which is sought for in the solution of any orien- 
tation problem. However, the time permitted for the solution may not 
be sufficient to allow the completion of the problem by a precise method. 
A hasty approximation of direction is far preferable to an uncompleted 
survey made with a high degree of precision. The greatest precision 
consistent with the time available must be the goal of all reconnaissance 
officers. 

4. Training for survey accuracy 

a. Precise methods. Use the most precise method the available time 
permits. 

h. Checking. Check all work if only by a rough method. Employ 
completely independent checks by different men when practicable. 

c. Notes. Watch particularly the preparation of notes; these must 
be legible, accurate, and clear. More mistakes occur through badly 
kept notes than through errors in measurements or calculations. 

d. Procedure. Develop methods and procedure that produce accur- 
acy and eliminate mistakes. Enforce these methods rigidly. Study 

Note: For military terms not defined in this manual, Bce TM 20-205. 
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methods for the weak link. One inaccurate step will destroy the ac- 
curacy of an otherwise precise survey. 

e Selection of men. Use selected men. Remove men who do not 
become precise and methodical with reasonable training. A good survey 
man, like a good gunner, rarely makes a mistake. 



Section II. BASIC METHODS 



5. Determination of position 

Position in the horizontal plane is determined by three basic methods: 
traverse, intersection, and resection. There is an inclination on the 
part of the beginner in survey to think of these as three unrelated 
methods, each an example of survey used und^r special conditions. As 
a rule, the beginner never clearly understands why one method is used 
instead of another. These three methods might be compared to a 
woodsman's tools, for example, a saw, an ax, and a kmfe. The saw,- 
ax and knife are all cutting tools that can be used to clear a woods. 
The saw is more advantageous to use than the ax under some conditions. 
The saw and the ax are faster than the knife, but the knife is more 
precise The knife might be represented by traverse, the saw by inter- 
section, and the ax by resectiop. If precision is the main objective and 
time required is of no importance, the knife (or traverse) niight be 
employed If speed is essential and there are not too many obstacles, 
the saw (or intersection) might be used. The completed work may not 
have quite the high degree of precision but the speed of performance is 
considerably greater. However, if there are a great number of ob- 
stacles, and it is desired to rough out the work fast, the ax (or resection) 
is used In survey, the experienced field man uses all three methods in 
many orientation problems, according to the conditions that are pre- 
sented They are not three separate and distinct problems, but are 
interrelated, and having special advantages for certain work.^ Traverse 
is more precise in flat, open country but is slow and laborious. It is 
especially good for determining position of local points a short distance 
from a point of known position. • Intersection is more precise in a 
rougher country where certain points are intervisible. It is fast, and 
can be used advantageously when two known points can be occupied 
Resection is more precise in very rough country, is fast, and can be used 
to advantage when three points of known position can be seen from 
some other point. Traverse can be used to establish a base line for an 
intersection problem. Intersection can be used to determine the posi- 
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tion of a third point and resection may be used to expand the survey, 
so that other points may be located in position. Traverse then can be 
used to determine the position of local points around the known points 
established by intersection or resection. The ax has b?en used to fell 
the trees, the saw to cut them up, and the knife to trim the smaller twigs. 

6. Determination of direction 

a. The directions of points from some known point are necessary, so 
that d*ita may be transmitted from one point to another. AVith the 
direction to one point known, the direction to other points may be com- 
puted from the angles between points, determined in the survey. For 
a small survey to be used for a small local unit, an initial precise direc- 
tion may be relatively unimportant. However, if the survey is to be 
expanded or more units are to be included, more precise direction is 
necessary. 

b. The compass may be sufficiently accurate to determine direction 
for a man on a patrol, or an isolated battery. A direction within one 
degree may be good for a larger area, or a tie between two batteries, 
but, for a coordinated defense over a large area, the direction of a point 
must be determined as precisely as possible, in the time allowed, and 
with the equipment available. Astronomical methods are used in this 
case. 

7. Vertical control 

Position in a vertical plane is important to seacoast and field artillery, 
but normally is relatively unimportant for antiaircraft artillery. How- 
ever, there will be occasions when the antiaircraft artillery is assigned 
a mission normally assigned to seacoast or field artillery. Vertical 
position is then important and methods of leveling must be used. 

8. Designating location 

a. After position has been determined for a unit, it is necessary to 
locate that position in respect to other units, and according to the over- 
all plan of the larger unit. In order to see the overall picture, a position 
must be tied into a map or aerial photograph so that data may be trans- 
mitted from one unit to another. The orientation problem then in- 
cludes an understanding of maps and their construction. 

b. A map is necessarilj'^ a correct representation of a territory. The 
accuracy of representation of certain details depends on the method 
used to construct the map, that is, the type of projection used. One 
projection gives better results in reproducing certain details of condi- 
tions than does another. Therefore, different types of projections are 
used to show different types of details. 

c. Location is designated on maps by coordinate numbers. This 
requires a knowledge of coordinate systems and their advantages. 
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9. Summary , n 

The reconnaissance officer must understand methods of finding posi- 
tion on the ground, determining direction, determining elevation, 
methods of designating these data on maps, and construction of coor- 
dinate systems for transmission of data to other units. 



Section III. SIGNIFICANCE OF FIGURES 



10. General 

When dealing with computations, there is a tendency to lose sight ot 
the accuracy of basic measurements as compared to the computations 
to be made from these measurements. Often more figures are used in 
the computations than the accuracy of the original measurement justi- 
fies A measurement made with a foot rule does not justify a compu- 
tation by logarithms that gives an accuracy in decimals of an inch Any 
such computation is a waste of time and gives an erroneous idea o 
accuracy. A proper balance must be made between precision of 
measurement and precision of computation. 

11, Measurements 

There are many kinds of measurements, but practically all can' be 
classified as counting separate units, dividing into equal parts or com- 
parison with some unit of measure: 

a. A person buys 1,000 horses, and if they are carefully counted there 
is no reason why he should get either 999 or 1,001 horses. In this case 
1,000 horses are exactly 1,000 horses, no more nor less 

b (1) Again, this person buys a single piece of cloth containing 1,000 
linear yards. He might measure and remeasure the cloth with a yard- 
stick and never get exactly the same measurement twice. These differ- 
encesL measurements may be caused by not putting the cloth under he 
same tension each time, by not using the same precision in fitting he 
yardstick to the successive portions of the cloth, or by an error in the 

^^^^'a yard is not a separate and distinct thing such as a horse, but 
is a omparison to a certain standard. Yardsticks are probably never 
absoSy correct, but are usually accurate enough for the purpose for 

"^c' Thfdividing of an angle into unit parts is an operation of both 
dividing and fitting a standard to each part. If the three interior angles 
r rfangle are measured accurately, their sum will rarely be exactly 
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180°. This inaccuracy is caused both by the instrument and its use 
or application. 

d. Each instrument, tape, or standard gives a certain accuracy when 
used correctly and for a certain range of measurements. Measurements 
are only accurate to a certain percentage, depending upon the construc- 
tion of the instrument with which the quantity is measured, and the way 

the instrument is used. ^ 

e. The accuracy of an instrumental observation depends upon the 
precision with which the instrument was constructed, and the skill, care 
and personal efficiency of the observer. 

12. Transit observations 

a. When using a transit, reading to the closest minute, the reading of 
measurement of an angle can be expected to be accurate within J/^ min- 
ute. The graduations of the circle of a transit are very accurate and 
can usually be depended upon to be more accurate than any reading of 
the vernier. Consequently, the full value of the instrument is not uti- 
lized by single readings of an angle. To obtain a reading of an angle 
more accurately, it is customary to measure an angle by repetition. By 
repetition, small excess increments are multiplied so that a total large 
angle may be divided by the number of repetitions to give a measure- 
ment to a finer degree. Angles are usually repeated six times for pre- 
cise work. 

b. Little added accuracy is gained by making a very large number of 
repetitions as there are systematic errors introduced by the action of the 
clamps and the accuracy apparently gained is really lost on this account. 
The maximum degree of accuracy that may be expected when using a 
transit reading to the closest minute, with careful observation is about 
ten seconds. 

13. Tape measurements 

The accuracy of tape measurement is dependent upon the care exer- 
cised in the operation of the tape. With a steel tape, an accuracy of 
1 in 5,000 can be obtained without difficulty, if ordinary care is used in 
plumbing and aligning and if an allowance is made for any considerable 
error in the length of the tape. For accuracy greater than 1 in 10,000, 
it is necessary to know the temperature and the tension of the tape when 
measuring. Also, it is necessary to know the corrections necessary to 
make allowance for any considerable variation from these values. 
Therefore, with ordinary care, tape measurements of distances seldom 
exceed an accuracy of 1 in 7,500. 

14. Significant figures 

a. Significant figures are any of the digits actually -used to represent 
an amount or quantity. To secure final results to any given degree of 
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precision, the measurements in the field must be taken with sufficient 
precision to yield such results. In computation of data, the computer 
must determine how many places of figures he must use in the compu- 
tations, the intent being to obtain all the accuracy which the field meas- 
urements or original data yield without wasting time by using more 
significant figures than are necessary. It is probable that more than 
half the time expended in computations is wasted through the use of 
an excessive number of places of figures. 

b The number of significant figures in the result of an observation is 
the number of digits which are known. For instance, if a distance is 
recorded as 8,100 yards when its value is obtained to the nearest hun- 
dred yards only, it contains but two significant figures. The zeros arc 
only to show the place of the decimal point. If, however, the distance 
is measured to the nearest yard and found to be 8,100 yards, there are 
four significant figures, for the zeros are here as significant as the 8 or 1. 

c Similarly, a measurement such as 0.0052 meter contains but two 
significant figures; the zeros simply designating the position of the 
decimal point. Had this same value been recorded in a unit one thou- 
sandth as large (millimeters), the result would have been 5.2. 

d Again, if a series of measurements is taken between two points to 
thousandths of a yard and three of the results are 5.284, 6.142 and 
5 000 it is evident that each of these distances contains four significant 
figures; if each one is multiplied by 1.467 the results are 7.752, 9.010, 
and 7 335 respectively. But had the measurements been taken to the 
nearest tenth of a yard and found to be 5.3, 6.1, and 5.0, these values 
when multiplied by 1.467 should appear as 7.8, 8.9, and 7.3. This ex- 
ample indicates the proper use of significant figures. The retaining of 
more figures than is warranted by the precision of the data is both use- 
less and misleading. 

15, Logarithms off numbers and trigonometric functions 

In deciding how many places or decimals to use in the logarithms of 
trigonometric functions, the computer examines the tabular differences 
and determines what percentage error is introduced by any error in an 
angle. For example, suppose an angle of a triangle is measured in the 
field to the nearest minute. There may be an error of 30 seconds in 
this angle, and examination of the table of logarithmic sines shows that 
the tabular difference for 1 minute in the fourth decimal place, varies 
from 14 for a small angle, to less than 1 for a large angle, and that the 
variation is about the same for cosines, and for tangents and cotangents 
of angles under 45°. Thus for 1/2 minute the difference is, on the aver- 
age, about 1 in the fourth place. Therefore, in general, four places are 
sufficient when angles are measured to the nearest minute only. But, if 
there are several steps in the computations it may be advisable to use 
five-place tables. Similarly; five-place tables of functions, in general. 
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give angles to the nearest 10 seconds, and six-places tables to the nearest 
second. These are only average results and are intended as a sugges- 
tion to the use of four, five, six, or seven-place tables. It is obviously 
a great saving of time to use five-place tables where five places are 
needed rather than to use six- or seven-place tables and drop off the last 
one or two digits. The amount of labor increases about as the square, 
of the number of places in the tables; for example, work with seven- 
place tables is to work with five-place tables as 49 is to 25. 

16. Summary 

As five-place tables of logarithms give an average accuracy of ten 
seconds in angular units and as a 1-minute transit cannot give an accu- 
rate reading of less than ten seconds by using repetition, it is unneces- 
sary to use more than five-place tables for trigonometric functions for 
ordinary orientation. Also, as the distances involved in baseline and 
position computations rarely exceed 10,000 yards, five significant figures 
are sufficient to determine accurately a base line length to the closest 
yard. These values are well within the values used as minimum values 
imposed by limitations of accuracy of present fire control equipment. 



CHAPTER 2 



DUTIES OF RECONNAISSANCE OFFICERS 



Section I. GENERAL 

17. General duties • 

The duties of a reconnaissance officer (group, battalion, or battery) 
are normally divided into general parts as follows: 

a. The actual reconnaissance in the selection of > positions for the 
various elements of the unit. 

b. The orientation work necessary to locate the positions selected and 
to establish an orienting line of known azimuth at each position. 

c. In AAA units the organization of observation posts and supervision 
of spotters and observers. 

d. The preparation of charts, special maps, and sketches. 

18. Sequence of duties 

These general duties cannot be performed concurrently but they are 
accomplished in the order named. Only that part of the duties of a 
reconnaissance officer having to do with the orientation work is covered 
in this manual and is called the orientation problem. 



Section 11. SITUATION 



IG. Stability of situation 

The amount of orientation performed and the degree of precision to 
be used must be decided by the reconnaissance officer after making an 
estimate of the situation and its effect on his unit. A stable situation 
permits complete coverage of the orientation problem with precise meth- 
ods. A moving situation may result in very sketchy orientation by 
rough methods. 
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20. Coordination 

The type of orientation depends also on the degree of coordination 
which is to be effected with adjacent units. For example, an AAA 
battery operating by itself may need only an orienting line established 
by compass for the purpose of making corrections for meteorological 
messages. ' However, a unit coordinated with adjacent units needs accu- 
rate distances between units, precise azimuths, and precise location of 
battery directing points. 

21. IVIisslon 

The type of orientation performed is dependent upon the mission of 
the particular unit. For example, when antiaircraft artillery is per- 
forming its primary mission in a very mobile situation, time may not 
permit any complete orientation and coordination with adjacent units 
even though it is desirable. In static and semistatic positions it is 
generally possible to perfect the orientation and coordination to a greater 
degree, dependent on the time ' available, and physical limitations. 
Under other circumstances, antiaircraft artillery may be employed as 
reinforcing field artillery which will require orientation of the type used 
by the field artillery. ' 

22. Estimate 

The reconnaissance officer must judge the time permitted for his work, 
must estimate the degree of coordination that must be maintained with 
adjacent units, and must anticipate the missions which his unit might 
be assigned. 



Section III. PREPARATION FOR FUTURE ACTION 



23. Preparation for an advance 

The orientation work of a unit is not completed with the orientation 
of the various elements. The reconnaissance officer must be prepared 
to furnish data for the orientation of materiel in an advanced position 
to be occupied in the future. This future position may be an alternate 
position, or may be a position at present occupied by the enemy. Meth- 
ods of intersection and resection can be used in conjunction with aerial 
photographs and maps to determine the precise location of prominent, 
well-defined points behind enemy lines. These points can then be used 
for orientation of materiel after the advance is accomplished. 
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24. Preparation for change off mission 

• It may logically be expected to have an artillery unit moved from 
one locality to another when the mission of the unit is changed. The 
reconnaissance officer attempts to compile as complete data as possible 
to permit rapid orientation when the unit is moved. If the Prospective 
mission is known, a survey in the new locality is necessary. If the new 
locality is not known the orientation work may only be ^n expansion of 
control points laterally from the occupied position. This gives the 
reconnaissance officer several points of known, position to use as base 
points for orientation work in a new position, not too far removed from 
tlie occupied position. 



Section IV. ORIENTATION PROBLEM 



25. Procedure 

a It is the duty of tl>e reconnaissance officer to obtain maps, photo- 
maps, or aerial photographs of the area, and to >"»ke over ays for the 
use of interested personnel in his unit. These overlays ."C ude -ny 
pertinent data such as coordinates of promment P"""^/*"*;/" 
used for orientation or by the subordinate un.t, and ex.stmg roads and 

^"b^'he plan for conducting the orientation work is made up by the 
reconnaissance officer who confers with reconnaissance officers of ad a- 
cent units if coordination is to be maintamed with these umt W th 
this plan in mind, he details the work that is to be performed by tl» 
survey party in his detail. The amount of orientation and degree of 
preliJion is directly in ratio to the amount of coordination to be main- 

tained with adjacent units. , , . . .1 

c The reconnaissance officer is responsible for obtaming the geo- 
graphic or grid coordinates of any position occupied by his unit. He s 
resnonsible for data concerning direction or distance of any point to be 
used to an orienting point or aiming point and for length of any line 
to be used for a base line for future orientation or for observation sta- 



tions 



d The reconnaissance officer is responsible (but will probab y detail 
nelnnel and advise as to method) for establishing an orienting line 
and computing parallax for any materiel of a battery for which these 

'?iTls"ponsibility of the reconnaissance officer to furnisli the 
coordinates of a ground target if a coordinate system is being used and 
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the coordinates of the gun battery are known ^^'"^t JtTro™ 
expected to give the data ol-i-^/^^^P a ^nS 
each battery in h.s . J^™ f j^,^ ^'i^^^ field artillery to con- 
artillery it is the '^^P°"=*''''y/,Vi^ r "battalion place mark within 
duct the target area survey and furnish a Dawanuu i 

the AAA gun battalion position area. - „u,„i„;„„ „nre nrecise 

/. The reconnaissance officer is ^r 1^^^^^ 

data for orientation as time permits and for preparing u 
locations or alternate POs\^on'. 

g. The reconnaissance ^^^^^ ,;;^^;^^„ts and to plan his orientation 
tion being used by adjacent artillery umi^' J;,,p„t ,,nU can be 

work in such a way that coordination with that adjacept unit can be 
work in such a way reauires that he be familiar with 

accomplished, if necessary. Ihis requ reb t ^ , , 

standard procedure in the theater in which he is working, so that he 
standard Procedure in situation develops. 

?rn::e— t o'—e system considered 

Tand d f : that theater, and requires that d-ect.on be e erm.ne^^^^^ 
precisely as possible, under the conditions presented so that an expan 
sion of the basic data will not require duplication of work. 

26. Summary e u 

The reconnaissance officer must provide him -If with copies ^f-^^^^ 

maps, aerial photographs, and ^-^-'y/^\\}^" 

his area He must anticipate the needs of the situation so that he will 

nis area, -ne inu f required orienting line, by 

have the coordinates of a f ^osen POint 4 

the time the information is needed. He musi m. 

,.- • TYiannpr to allow expansion, and to permit ine 

ing his survey in a P™P"'",'^""" '° ^Lee„t unit, without the neces- 
ioining of his system -''^ that of an adjaeent , ^^^^ ^^^^ 

sity of resurveying an area transfer data from these maps 

?:t^";:'lh"r" be pi.pared to.furmsh tl.| 
g^g^apW: coLinates (latitude and longitude) of any occupied point.^ 



il 



CHAPTER 3 



INSTRlfMEMTS 



Sftctton I- MIMWJUmKOWS EQUIPWIEIIT 



27. Stadia rod 

o The stadia rod Is a device UBed with ix transit, to .IH n nuae distances 
by stadia. It consiata of a fiat wooden strip 3 tu iurluts wide and 
usually 10 to 12 feet long. For convenience the rod is made m twn 
s.Hi.ns and hinged. The graaiudim.. painted <m tlm rod are m t le 
form uf diagrainB made m that the 0.05- or 0.10-fuut .pncea can be easily 
distineiiished and the hundredthe of a foot estimated. 

b T!.f UH-tlKHl nf iru.nnj; the stadia rud ^ ilhi^trated in figures I 
and 2 The .tadiii reading is the difference between tlie readsnga of 
the two intercepting eross hairs m viewed through a transit telescope, 
and aot the reading indicated at one Ene. 

38, Range imie . . i , 

Range poles are usually 8 or 10 fcoi Ions;, round or hexagonal, ar.d 
about 1 inch in diameter. They are made of wood with an iron point 
or of st^el rod or tubing. They are graduated m feet, the graduations 




TThe stadia rod reoding is 
indicated by the position 
4.55 of the two lines crossing 
I the foce of the rod. This 
^ j reading Is 4.55. 




Figure t. 



12 




This reading Is 3.15. Note 
that the stadia rod reading 
is the difference between 
the reading of the two 
crossing lines and not the 
reading ot any one line 



being paiiited altematdy red and whit.. Tl.c mnge pole i« "^^d to 
m J i point on tiu- .nnnul .0 to make ;t visible rem a distance. 
The BbaJp pdnt of the poic may he placed ma tac-k '^-^ ^ 
The rod is plumbed by balancing it between the finger Up^ IxHb hands, 
the Todman standing squarely behind it, facing the instrument. 

28. Steel te|»e 

The M Unm uomvilh issued is a 100-foot tape graduated in feet 
with the first and la.t feet of the t;ipe f^radu.ted in tenth, o a foot 
Tapes are sometimes graduated in tenths and hundrc.hb. :i inat 
throughout their len^^th, T!.- strrl tap. i. n^vA for detLTmuunj; dis- 
tances when preei^ion i. de.i.vd. Method, of u..ng the .teel tape are 
presented in section TV. 

30. Plumb bob 

The plumb bob is used to transfer a point from m - I.m i.rmf^il pl.ine 
to another. It is umd in taping to transfer horizontally nuasured dis- 
tance to the ground. 



SMtlon II. TRANSIT 



31. Use of transit 

The transit is u.cd for mca.tirinf: UovmmUi\ uii.l v.-rti^^al angles, for 
prolon^ng straight lines with aecuracy, for levdinfr, ..nd fi^r mcHmmng 



distances bv stadia. Transitf^ arc »si.-d fur survey »«rk requiring prc- 
ri^'Tn measurem^t of angles. They are graduated in degrees 

with a least reading of 1 mioot©. 

32. Deserlptfon of transit 

A .ompLte de^ription of th. transit, ,iv-. In TM 5-235 Yi&ivcs 
4 to 8, inclusive, illuBtrate the three matiu,i. (Imv.r, m^-r, and verticiil) 
of a transit. 

33. Verniers 

a. All transits am equipped with verniers. A y.ruicT i> .n .uxiU.ut 
scale used for reading fraction. c,r t Uv srn.lh division o th« .nam .lU . 
The u^, of a vemicHs based .n the U.i ttu.t it is ca.mr to det.nnm. 
coineidence of two lines than to e.ttm.l.e frac-tmn. ol n ; 

b A scale .-.uild onlv ivad tu the Ho.r.l .nurkud da^ ^f^ui 
indicating arrow ubne was uml an an indu-ator. . < -^-- ^ .• ^ *J. 

34. Settins up the transit 

a. When netting up ih. tranmt, ph.-o nu. nf (he tripod legs m approx- 
imately the correet position with rvivr....- lo Uk- stnUon ^ 
ramf,ulate the other two legs ao tlmt the pluu.b bob is brought «v.r the 




Figwe S, 0«e-RitfWrfe trarvnt. 
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T\u luwrr UKilinii iif lit"' 
umi III t'<'^'<i"" <«'l''^^'"l"' '* 
hori3!Otit:iI |1;mii without i-lii^iifiin!^ 
the reading of tlic horissontal jscalc 




Fiffure 4- 



. . n Tin.f- thf le vel iii- Ix'jul is appnJXiniiiU-ly kvvl 

luark. nt, the ^^'^Z^" ' J ' ^ l^^„ ,,tUer two down hill Keep 
On liilMdc, platje one tnpod leg up inii, n ( 

ih. tripod bolt mit. Bufficiently tiglit iha. lu-y uill u.i >n^U m n , 
nil mitou wuiK imi ■ „4-^,mPTit is lifted. Press t ic LnptKl shoes 

weight of the legs when t^e/n ™t - lUtod ^^^^^^^ 

firmly into the ground to msure ngidity. i 




Figure S- 

Two moan« are provided ^^^^^^^Xr fin^, t^^^eci^) aetting, 
proximate) netting and a daw mouoii lor " f 
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The upper motion of the transit ih 
used to position the telescope in a 
horizontal plane and at the same time 
move the vernier along the horizontal 
scale. 



Figure 6. 



over the mark final centering may be made by moving the shifting plate 
after loosening two adjacent leveling screws. (See fig. 18.) 
i *) h. When leveling the instrument, turn the plates so that each level 
of the plates is parallel to a pair of diagonally opposite leveling screws. 
(See fig. 19.) • 




Figure 7. 



The upper motion clamping knob locks the horizontal scale and telescope with 
respect to the lower motion. The slow motion permits precise adjustment. 
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The vertical oaotion. ijermitfi ptwf- 
iioning of the telescoiw in a vcrticaJ 
iJlttno. It is provided with a damp 
md alow nK^tion (nijustmeat. 

Fiyure 8, 

f ;n .'It CUV nmst bf i-xncisnl wUvn l. wliiit^; initially, nil screws should 
liavu funtui-l witii the phitc. One ur more itu>se j^rixnv:^ will cause the 
plate to tip and possibly will change the position of the plumb bob over 
tlip Tn:irk. Tho f^crcw.^ mu^i not be too tipht as fivis injures the instru- 
ment and strains the metal, thereby cnu^ua ^'Jtois. To level, grasp 
one pair of opposite screws between the thumbs and forefingers and 



Tu ocmstniot u vemicr on a «tmight 



Tukr I til- iliJ^iiiiu'i' MubtPntitnl hy nine 
divisions tm the fioilo m the length 
of the vcrnior. 



Figure 10. 

i? 



turn so that the thumbs move toward each other or away from each 
other (s|e fig, 20), thus tightening one screw and loosening the other. 
The motion of the two screws must be uniform to prevent binding; one 
screw descends as fast as the other ascends. ' After one bubble has been 
brought nearly to the center of its tube, the other bubble is centered in 
a'similar manner. Instead of getting one bubble centered exactly, it is 
ijetter to get both bubbles approximately centered, after which one bub- 
ble and thfen the other may be exactly centered. After the instrument 
is leveled, check the plumb bob to see that it has not been moved from 
the mark during the leveling process. 

35. Measuring horizontal angles 

- a. With the instrument set up over the station at which the angle i« 
to be read, set the zero of the vernier opposite the zero of the horizontal 



— f-o 

Figure 11. 



Make one end of vernier the index, 
and divide the length of the vernier 
into 10 equal parts. 



The vernier U read by finding the 
line that most nearly coincides with 
a line on "the main scale, in this 
case, 5. 
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Figure 12 
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circle, using the upper clamp and slow motion screw to bring them to 
coincidence. Using the lower motion, point approximately at the first 
object by looking over the, top of the telescope. Move the telescope 
until the vertical cross hair is very nearly on the point, clamp the lower 
plate by means of the lower clamp thumbscrew, and set exactly on the 
point by the lower slow motion screw. The line of sight is now on the 
first object. To measure the angle, loosen the upper clamp, turn the 
telescope to the second point, set approximately on the point, clamp 
the upper plate, and set the vertical cross hair exactly on the point by 
the upper slow motion screw. The angle is then read, using the vernier 
which was set at zero. Never overrun the point in bringing the vertical 
cross hair upon it. Bring the cross hair to the point in such a manner 
that the slow motion screw compresses the spring against which it works. 
This eliminates lost motion in the plates. 
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The whofe rc^^aing b S 15 * 
vn iii<T hfts cntiblcti the readmg of tlie 
ecftlc to 1/100 of the main scale. 



5 — 



b. A «m>pl.tc „,ou.u,™,ent ol »ny a"(sle «o«««te of the »«..■,.> .,1 t»o 
readinK^, cno with the telescope direct and onejit . .1 .■everted T c 
anslo it first measured »s described in a above. The tcle^eupe is plu.,si. 
("ph„„ing" i. reversing tl,e telcsco,K, by turmng .t about 't-;^ "™<'"'»1 
a.i. so ..h.( the level tube is above the tek..*.i<e r.fher than be ow) and, 
...ins tl« lm,'<r motion only the first object is sighted upon, qsing the 
«,,„er motion the telescope is then eel exact y on the second 0^ 
Tlie reading on the vernier whii-l, w.. or.pn.lly set at .ero now g^B 
the value ot the angle desimi. This ■"^'^Vrl^m. ! 
Il„. ..,.„.,.< „r i„sh.umnnt.l .djnst^ent. (See P»T. 99 for further detaile.) 
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Total I34»37' 
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Figure U, 

• . . . i„ tlu. same way Jis the simpK; scrtle vernier, 

TU. t..n.it vem>er ^ tditl^^ b/the index. The vemer ^ 

I'hv nwling of thl« scale JS 134' SO' as maicaua* j 

W. The 1»tal reading ia 1S»^ 

It 




Fif)urc 15. 



The actile on the trfinKit hiia two vi-mirrs ;iL i-acii iiuJcx to make roiuling posdible in 
either direc^oii of tunung of the tiileBco]>e. 

30. Angles by repetition 

The mean of a number of measurements o( an angle gives a value of 
the an^Ie more nearly acruratc ihnn imy angle mcfisurernoiit, As a 
minimum, one direct and oue rcvori^ed reading must always l>c nnuiv. 
In any case, the same number of direct and reversed readings are made. 
The direct rcadins?; arp first made cunitilutively ; tlio letcsi^nin' [dunged 
and, after sighting back on the first objec-t with tlit: lower iiioLion, the 
reversed readings are made cumulatively. If, for example, tliere were 
three direct and three reversed readings the value of the angle read on the 




The V f mirr used in any rcAditts is the one in advance of tho index in the direction 
of turning of tbe telescope. 
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F 11/ u>'i jr. 

The reading of the scule m tbw ^tling U: 82^ 2^y ur 277' 34'. The angle raeaauwid 
win be obvious in a £dd prablraiu 

vernier is six tiiues tbat of the desired angle {add multiples of 360" if 
necessaiy). Measurement of an angle more than six limns will not 
increase the accuracy of reading o£ an angle* as tlic moeliunjcal errors 
introduced by action of the clampa will offset any increased iieeuracy 
that might be expected by additioDal readings. 

37. M««suriiisr verUeai ansles 

There are two methods of measuring a vertical nnj^lc; 

a. First method. Set up and level the transit and, using the vertical 
crosshair, siglit upon the distant point; turn the telescope until it is 
approximately horizontal: H.rap; and with tlic .low motion srrrw. 
center the telescope bubble accurately. If the vertical arc vurnier jxsatis 
aero, there is no index error; if not, read and note the angle for the index 
commotion, which must be applied with projycr sign to tl.o observed vrrf i- 
cal angle. Next sight on the distant point and read tlie vertical ium\e. 
To determine the angle of elevation (or depression) between two points, 
it is necessary to take into account the height of instrument and the 
height of target on the rod at the distant point. 

6. Second METiroa Level the horiisontal plate accurately. Siglit on 
the dij^tant point ^^^^h ihv ir!'-rn,,r <liiTet (u^vv^ tbo middle horizontal 
crosshair), and read the vertical angle. Plunge the telescope, rotate 
the instrument in azimuth 180% eight upon the point, and read the 
vertical angle again. The mean of the two readings is taken. 

38, To run or prolong * olmlglit itnm whh transit 

a. To run a straight line hciwcvu two p<unis whirh ;ne mtdually 
visible, set up over one point A fig- 21), and t^ighl on the o\hvv 
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iHgure 18, LeveUng pkte of a tTans^, 



point B. Tim establishes the line, and any nuraber of intermediate 

points or vi^-ihU' iiiitnts lK\viiini }i may lie si't in this liiif sij^ltf. 

h. If the two poinU butwfen which a stiuiglit hne b deisireU are iitii 
mutually visible, set up aa nearly as possible on the line between them 
mill at i^uf'li a |>otrit fliiit bdtti :irr visible from I he instrument* For 
cxumplc, in figure 21, D is: nut visible I'roin A, Htjwyver, if the instru- 
ment is set tip at P, both A and D are visible. Set «p the instrument 
lit /' iiTir! 1!- )!!'.irly on line as may hv jii'lp;cfl by vyr. Sifi;ht fin .1, |>lMnKn 
Iho telescope, note how mut'b tliiij triiil line vurwn from JJ, aiul LsLiumtc 
how far the instrument must be moved sideways to make the i^roionged 
line hit D, A point on the line is finally found by succeasive approxi- 




To level the plate, two opposite screws 
should be turned at the same time in 
the manner shown; the bubble will then 
follow the direction of the left thumb. 




Figure so. Direction of turning of .'screws. 

mation. This is a slow process; to acquire aptness requires considerable 
practice on the part of the operator. 

c To prolong a line from two points, the method in a above can be 
used if the prolongation of the line is visible from A. If the prolonga- 
tion of the line is not visible from A (fig. 21) set up over B, sight at A, 
and plunge the telescope. The vertical cross hair now will prolong the 
straight line if the instrument is in adjustment, and points C and D may 
be set in on the continuation of the line. If the transit is not in adjust- 
ment, set out the points C and D' on the new line, rotate the plate 180% 
sight again on A and plunge as before, setting new points C" and D" on 
the continuation of the line. Equidistant between the point C and C 
and between D' dnd will be found the true points C and D of the 
straight line. , 

39. Stadia 

a.. The stadia is a device for measuring distances by reading an inter- 



OC- 



Figure 21. Prolongalion of a line. 
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cept on a graduated rod. It is used when great precision is not required, 
■ Fui Hii& put ' poat tvvu Additi u iial horizontal Imirg, oallo d ptadij i_ hn '^°, 
are carrie d in the transit telpsp ppr on thr , iiiiii' !'("( ITIr thr rrnnr; hairs 
a t S^ - oro -placed equidistant fioni the horizontal hair. ■ ^.->.~r. -ai^ 

b. Use of the stadia. The transit is constructed with its lower and 
upper stadia hairs so placed that the intercepted part of the rod, multi- 
plied by 100, is equal to the distance between the instrument and the 
point on which the stadia rod is read; for example, a reading between 
the upper and lower stadia hairs of 3.45 feet on the rod corresponds to 
345 feet on the ground. 

c. Vertical angles. (1) To determine the horizontal distance and 
the difference of elevation between points by stadia, the vertical angle 
is usually read to the nearest minute. With the center horizontal hair 
set on the rod at the height of the instrument, the reading on the vertical 
arc gives the vertical angle. The difference of elevation may be com- 
puted by using the formula — 

Difference of elevation = D ^ sin 2^1 
The horizontal distance may be computed by using the formula — 
Horizontal distance = D cosM 
In the above formulas, D is the stadia reading corrected by the constants 
and A is the vertical angle. 

(2) For field work, stadia tables and a stadia computer are used to 
compute horizontal and vertical distances. Stadia reduction tables are 
presented in table VI, TM 5-236. 

40. Stadia costants 

The stadia constants are K and (c + /)• 

a. Since it is difficult to place stadia hairs exactly, many instruments 
read "long" or short." This difference is expressed by a factor called K. 

5. (c -|- /) is a correction to be added to each stadia reading: / is the 
distance from the objective lens to the cross hairs and c is the distance 
from the objective lens to the center of the instrument, (c + /) is 
usually given by the instrument maker; if not, it easily can be deter- 
mined by measuring along the outside of the telescope. 

c. K is determined by the following formula: D = KS -\- (c + /), 
where D is the true horizontal distance and *S is the stadia distance. 
In determining K, several distances may be measured and the mean of 
the values of the several K^s may be used. The theory of the stadia 
is completely explained in TM 5-235. 

41. Leveling: by transit 

The transit is equipped with a striding level placed directly below 
the telescope. The telescope may be clamped in a horizontal position 
and the transit can be used as a level for spirit leveling in determining 
elevations. 
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Section III. OBSERVATION INSTRUMENT, AA BC, Ml 
(BC TELESCOPE) AND DIRECTOR 



42. Use of observation instrument AA BC, Ml 

The observation instrument AA BC, Ml (BC telescope) is designed 
for use in recognizing possible aerial targets and as a spottmg mstni- 
ment. It may also be used in lieu of a surveyor's transit for orientation 
work. Means are provided for measuring horizontal angles to the 
closest 1/10 mil and vertical angles to the closest 1 mil. No provision 
is made for the use of stadia. 

43. Movements off the observation instrument AA BC, Ml 

a. Horizontal movement. The telescope of the instrument is turned 
in a horizontal direction by a worm gear drive. This worm gear is pro- 
vided with a throwout lever which permits positioning the telescope m 
an approximate direction without operating the worm gear. A coarse 
indicator of azimuth, graduated to the closest 10-mil interval, is pro- 
vided on the horizontal plate. A fine indicator is provided on the mi- 
crometer attached to the operating handle of the azimuth worm drive. 
The micrometer is graduated at intervals corresponding to 1/10-mil 
motion of the telescopes in azimuth. * 

b. Vertical movement. Motion of the telescopes in elevation is ob- 
tained by means of the elevating worm driven by a knob and engaging 
with a worm wheel segment. Coarse indications of the vertical angle 
are obtained from the elevation scale read opposite the adjustable index. 
This scale is graduated at 100-mil intervals. Fine indications are ob- 
tained from the micrometer read opposite its index. This micrometer 
is graduated at 1-mil intervals. For further information on the BC 
telescope, see TM 9-1665. 

44. Telescopes 

The observation instrument is provided with two telescopes, the main 
telescope having a magnification of 10- or 20-power and the_ elbow 
telescope having a magnification of 8-power. Each telescope is pro- 
vided with colored filters that may be introduced to reduce glare, and 
a means of illuminating the reticle for night observation. 

45. Survey methods using observation instrument 

AA BC, Ml 

Survey methods using this instrument are similar to the methods used 
with the transit. The results of a survey, are not as precise however, 
since the reticle in the BC telescope has mil readings etched on the glass 
to form a vertical and horizontal line rather than using cross hairs as in 
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the transit. This introduces small errors in alignment that would be 
improbable with a transit. There is no provision for locating the in- 
strument directly over a point by a plumb bob as is provided with the 
transit so that small errors may be introduced by displacement from a 
precise point. As the angles measured are indicated in mils the survey 
must be conducted with angles measured in mils or the angles converted 
to degrees and minutes. 
•* 

46. Use of director as a survey instrument 

In case of necessity, the director may be used to measure horizontal 
or vertical angles. Horizontal angles are indicated on the present azi- 
muth dials. The coarse indicator indicates angles to the closest 100 
mils and the fine indicator to the closest 5 mils. A reading of 2 or 3 
mils may be estimated. A vertical angle is indicated on the present 
angular height dial. The coarse indicator is graduated in 100-mil in- 
crements and the fine indicator is graduated in 5-mil divisions. A read- 
ing of 2 or 3 mils may be estimated. The weight of the director pre- 
cludes its use as a survey instrument except to a limited degree. 



Section iV. TAPE IMEASUREIVIENT 



47. Horizontal taping 

a. Method. The tape is held in a horizontal plane while the meas- 
urement is being made, the elevated end being projected to the ground 
by use of a plumb bob held in the hand of the tapeman. The distance 
that can be covered by a single measurement by this method is limited 
by the slope of the ground. A man cannot hold the tape above shoulder 
height, put the required pull on the tape, and hold the plumb bob steady 
enough to make an accurate measurement. Therefore, on steep slopes 
the taping must be done in short sections. This is known as "breaking 
tape." 

b. Advantages. The advantages of this system are that no correc- 
tions need be applied to the measured lengths and no instruments are 
required except the tape and plumb bobs. 

c. Disadvantages. The disadvantages of this system are that it is 
sometimes difficult to determine the true horizontal plane, in windy 
weather the handling of the plumb bob may be difficult causing very 
slow progress, and a fractional tape length may be easily dropped or 
misread. 
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48. Slope taping ' 

a. Method. The tape is stretched along the ground and a full tape 
length is measured each time. The slope of the tape must be determined , 
and a correction applied to reduce the measured length to horizontal 
distance. 

b. Advantage. This method is rapid, the chaining pin may be set 
directly under the tape graduations and the tape is generally protected 
from the wind. 

c. Disadvantages. The slope of the tape must be determined either 
from the difference in the elevations of the tape ends or by measuring 
the angle of inclination of the tape. The slope corrections must then 
bo determined and applied to the measured distance. 

49. Precision of taping 

The precision of taping in artillery survey varies according to the use 
to be made of the particular measurement. The degree of precision 
needed may be determined by consideration of the effect on the accu- 
racy of firing data. 

a. In the measurement of a long base line, the tape ordinarily is 
leveled by eye and measurements of fractional parts of a foot are made 
to the nearest tenth. . 

b. A short base line measurement usually must be more accurate; 
horizontal measuring requires an accurately leveled tape, accurate 
plumbing, and readings to a fraction of a foot; for slope measurements 
the angle of slope is carefully read and corrections applied. 

c. In the ordinary traverse for the purpose of determining the loca- 
tions of batteries with relation to some selected point, leveling the tape 
by eye and estimating the tenths in fractional measurements is satis- 
factory. The precision required depends to some extent on the nature 
of "the traverse. If a traverse is very long, or if it consists of many 
short lengths, the taping must be done with the same precision used for 
short base line measurements. 

50. Taping methods 

a. Alignment. Alignment of the tape during the measuring is usu- 
ally done by the tapemen themselves without help from the instrument 
man. If the next station has been selected, it is marked by the rodman ; 
the rear tapeman lines the head tapeman in by eye. When the course 
to the next station is selected before the station is established, the direc- 
tion of the course habitually should be toward some unmistakable ob- 
ject. The rear tapeman then lines the head tapeman in on the selected 
course. During the crossing of low ground, it may be necessary for the 
head tapeman to line himself in with the rear tapeman and the last 
station. 
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b. Tension and sag. With the tape resting on the ground, a pull of 
approximately 12 pounds (measured with a spring balance) must be 
exerted for precise measurements. When the tape is suspended in the 
air for plumbing, the tension should be increased to remove the sag. 
An unsupported length of about 100 feet requires a pull of about 25 
pounds. Unsupported lengths greater than 100 feet must not be used 
in a precise survey due to the errors introduced in measurements. ., 

c. Fractional readings. Taping usually is done with the zero end 
of the tape forward. If each foot of the tape is graduated, the head 
tapeman holds the zero on the forward point while the rear tapeman 
reads the distance to the nearest one-tenth or one-hundredth of a foot, 
depending upon the accuracy desired. If only the end feet of the tape 
are graduated, the head tapeman holds the zero mark short of and 
within a foot of the forward point, while the rear tapeman reads and 
calls out the measurement in feet; the rear tapeman then slacks the 
tape 1 foot, holding the new foot mark accurately over the rear point; 
the head tapeman measures the fraction of a foot, reading backward 
on the graduations of the first foot of the tape. He announces the total 
distance, and both tapemen enter it in their notebooks. 

d. Breaking tape. Measurement by breaking tape is done as fol- 
lows. The head tapeman pulls out such lengths of tape as can be 
stretched horizontally. Except for a very short section, the elevated 
end should not be held above shoulder height. The head tapeman 
should make the break so that the rear tapeman can hold at a 10-foot 
mark. For a precise survey, leveling of the tape is done with a hand 
level by the head tapeman when the course is going down hill, and by 
the rear tapeman when it is running up hill. For a less precise survey, 
leveling the tape by eye is satisfactory, particularly when assisted by 
the view of a distant horizon. The mark on the end of the tape section 
that is not in contact with the ground must be held accurately, by means 
of the plumb bob, over the point marked or to be marked on the ground. 
The head tapeman marks each break with a chaining pin. An alternate 
method of breaking tape, particularly suitable for the 100-foot tape, is 
to drag the tape forward its full length. The head tapeman then comes 
back to a 10-foot mark which permits a section at the rear end of the 
tape to be horizontal: - He marks the measurement on the ground. The 
rear tapeman then comes forward and holds the same 10-foot mark 
over the indicated point. This method permits the recording of only 
complete tape lengths during the breaking of the tape; intermediate 
points are not marked with the chaining pins. 

51. Duties of tapemen 

a. Head tapeman. The head tapeman points out to the rear tape- 
man the line of the next course; pulls out the tape to the limit allowed 
by the slope of the ground; determines the necessary height to level the 
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tape when running downhill; exerts the proper tension on the tape; and 
calls "Ready." When he hears "All right here" from the rear tapeman, 
he marks the spot with a chaining pin if his end of the tape is on the 
ground, or, if the course is running downhill, he releases his plumb bob 
string and marks with a chaining pin the spot where the point of the 
plumb bob falls. As soon as he completes the measurement he calls 
"AH right." He leaves a chaining pin at each point. On reaching the 
end of. the course he measures to the station mark, or, if the station 
has not been established, he sets the station mark. 

b. Rear tapeman. The rear ■ tapeman aligns the head tapeman. 
When the head tapeman calls "Ready," the rear tapeman, if his end of 
the tape is on the ground, holds the proper tape graduation exactly on 
the pin on the ground and calls "All right here." He continues to hold 
his end of the tape accurately in place until the head tapeman calls "All 
I'ight." He recovers the chaining pin which the head tapeman has used 
in marking the points on the ground. At the end of each course he 
counts the pins he has collected and sees that the number corresponds 
to the number of measurements recorded. When the course is running 
uphill, he determines the lengths of the breaks which can be made, and 
is responsible that the tape is held level. He uses the plumb bob for 
holding the proper graduation of the tape over the mark on the ground. 
" c. Tapemen's notes. Both tapemen keep independent records of all 
Pleasured distances. At the end of each course, each tapeman adds the 
nieasurements and records the total distance in his notebook before 
comparing his results with those of the other tapeman. When they do . 
not agree, the course must be retaped. No erasures should be made; a 
single line should be drawn through an erroneous figure, and the correct 
figure should be written immediately above or below it. 

52. Training off tapeman 

a. Training. Tapemen must be carefully trained in the proper pro- 
cedure. Prescribed methods must be rigidly enforced. Tapemen must 
exercise constant vigilance to avoid errors and blunders. The most 
common blunders are misreading the tape and losing a complete tape 
iength or a plumbed section. 

b. Don'ts for tapemen. (1) Don't jerk the tape. 

(2) Don't pull the tape when it is kinked. 

(3) Don't let vehicles run over the tape. 

(4) Don't bend the tape sharply around corners. 

(5) Don't split hairs in lining in. 

(6) Don't allow the chaining pin to be disturbed. 

(7) Don't pull the pin until you are sure that it will not be needed 
^gain. 

(8) Don't break tape oftener than necessary. Each break slows up 
the work and introduces another chance for error. 
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(9) Don't fail to wipe the tape clean and dry before putting it away. 

(10) Don't forget that methodical procedure prevents errors and 
makes speed. 
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CHAPTER 4 
METHODS OF DESIGNATING LOCATION 



Section I. MAPS 

53. General 

a. A map is a conventional representation of a portion of the surface of 
the earth as a plane surface. Since a spherical surface cannot be repro- 
duced as a plane with absolute accuracy, the representation is approxi- 
mate only, with characteristics dependent upon the projection employed. 

h. There are many types of map projections, some accurate in one 
respect, some in another, but none accurate in all. It is important that 
a reconnaissance officer have a general knowledge of their characteris- 
tics and know where to get more detailed information when desirable, 
in order that he may intelligently make use of available nonstandard 
maps. All available maps of any theater of operations will probably 
be used by the military forces. Certain types, however, have been 
found to be best adapted for specific military purposes, and maps are 
prepared as far as practicable to serve these needs. 

54. Map classification 

a. General. Maps will vary from crude small scale planimetric 
maps to accurate well-prepared topographic maps suitable for enlarge- 
ment. They will include various special purpose maps, such as road 
maps, railroad maps, aeronautical charts, etc. Large scale topographic 
maps suitable for tactical operations of small units may be expected 
«nly in isolated areas of limited size. Except in certain parts of Western 
Europe, topographic maps to scales as large as 1:20,000 will not be 
found. '• 

h. Types of maps. Maps fall into classification according to scale. 
The use of the various types of maps depends upon the character of the 
theater of operations, type of operations^ and nature of the opposition 
encountered. Although listed below under various groups of scales for 
convenience and clarity, maps are normally designated by their specific 
scales. Designation of maps by general terms descriptive of a range 
of scales or by purpose or use is not precise and is confusing. 

(1) Small sc(^U maps. Mapg of small scale varying from 1:1,000,- 
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000 to 1-7 000,000 are intended for the general planning and strategical 
studies of the commanders of larger units. Various general maps have 
been designed for these purposes. ^ 
- (2) Intermediate scale maps. Maps of intermediate scale, normally 
from 1:200,000 to 1:500,000, are intended for planning strategic opera- 
tions including the movement, concentration, and supply of -.troops. 
The Strategic Map of the United States, 1:500,000 has been designed 
for these purposes. Maps of a scale of about 1 :250,000 are particulaj-ly 
applicable to movements of armored . forces and for maps of maneuver 

areas. ' n r _ 

(3) Medmm scale maps. Maps of medium scale, normally from 
1-50 000 to 1-125,000 are intended for strategical, tactical, and adminis- 
trative studies by units ranging in size from the corps to the regiment 
The United States Geological Survey Map, scale 1:62,500, with wooded 
areas and road classifications added, has been found suitable for these 
purposes. For strategic areas, the War Department produces maps of 
this type While not suitable for all purposes, the scale of 1 :62,500 has 
been found to be the most advantageous for recording topographical 
detail for future use. For campaign, maps of this scale can be used for 
the purpose intended or may be enlarged or reduced accordingly to the 
existing needs. 

(4) Large-scale maps. Maps of large scale, normally not greater 
than 1-20 000 are intended for the technical and tactical battle needs of 
infantry and artillery units. It is unlikely that maps of this category 
will be found to cover extensive areas. The battle map has been de- 
signed for this purpose. - , • . r " 

c Aerial photographs. 'Dependence for topographic mformation, 
particularly in the earlier stages of campaign, may have to be placed on 
aerial photographs, photomaps, or provisional maps. In addition to 
furnishing information for these maps, aerial photographs are always 
of value in supplementing information on existing maps. The aerial 
photograph provides the best obtainable means of securing the latest 
information of enemy terrain, and the larger scale photographs, partic- 
ularly when examined stereoscopically, offer detailed information of 
the terrain which can be secured by no other means. 

55. Map substitutes 

In order to provide a map suitable for technical military use, experi- 
ments have been conducted in rapid map making using aerial photo- 

^'a^The vertical aerial photograph is a valuable instrument for con- 
veving topographical information. 

(1) It possesses, in picture, a wealth of detail which no map can 

equal. 

(2) It possess accuracy of form. ^ ^ 
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(3) With freedom of flight, an aerial photograph may be prepared in 
a short time and reproduced in quantity by lithography. 

(4) It may be made of an area which otherwise is inaccessible because 
of either physical or military reasons. 

b. The vertical aerial photograph is inferior to a good map in the 
following respects : 

(1) Important military features are sometimes obscured or hidden 
by other detail. 

(2) Neither absolute position nor absolute elevation can be obtained. 

(3) Relative relief is not readily apparent. 

(4) Displacement of position caused by relief and camera tilt usually 
do not permit the accurate determination of distance or direction. 

c. The ideal battle map includes the most accurate topographic map 
supplemented by the most recent aerial photographs. At the present 
time, the best known battle map is one which gives control and detail 
by photogrammetric methods. The multiplex and stereo-comparagraph 
are used to add contours, grid lines, and battle positions to the map as 
rapidly as possible to produce the finished battle map. 



Seetion II. PROJECTIONS 



56. General 

Theoretically the earth is an oblate spheroid in shape; a figure formed 
by rotating an ellipse around its shorter axis.' Because of the con- 
tinents and islands, the actual surface is irregular. The distance from 
the center of the earth to a point at sea level on the equator is 3,963.3 
statute miles and the distance from the center of the earth to either of 
the poles at sea level is 3,950 statute miles. This difference is so slight 
that the earth may be mentally pictured as a round ball or sphere which - 
rotates on a line or axis passing through its center. The imaginary 
intersections of this axis with the surface of the earth are called the 
North and South Poles. Circles on the earth's surface, cut by imagi- 
nary planes passing through the poles, are called meridians of longitude. 
Circles cut by imaginary planes at right angles to the axis are ^sall^d 
parallels of latitude. The parallel midway between the poles is called 
the Equator and divides the earth into the Northern and Southern 
Hemispheres. ' ^ ■ ^ "" ., 

57. Map projections 

a. No map is accurate in every detail ; if it is accurate in an east and 
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\vt'-t dircf lion llioro W tli-itortloii north ixud south, and vice versa. There 
arc tiiaiiy nietJiotl^ of representing a part of the earth's surfarr a]>prox- 
imately and» in determinrag a method of proiection, it is net!cswar\- tti 
.«clc(^t one that hvM meets the reqiiirrninnts tlie map is to fulfllh The 
most desirable features of a good ma]i arc as follows : 

(1) Areas should be represented in \ ]\v\r true jsliape- 

(2) Areas jihould retain their true rolative hikc. 

(3) Distances tni the ma]> j^lmuld keep a constant ratio to the same 
distances on the ground. 

(4) Direction of lines and size of angles on the map should be pre- 
served. 

(5) Great circles should be represented by straiglit lines. 

Nf) mo of these properties ran be socured witlioiit sacrificiuf? some of 
tht; others. In determining the typo of projection to be employed, it is 
therefore necessary to decide which feature most nearly satisfies the 
conditions under which the map ip to be used. 

6. From a military standiniint, it is desirable to have a projection 
that gives a muuraum of distortion in the representation of distances, 
and anples at nil pirt< of a nmp. It is customary in constructing maps 
to project tlie [jortion uf tlie earth's surf ace under consideration to a 
cylindrical, conical, or other surface whicii can be developed into a 
plane; or to plot it to somr systi'ni of ilrvi lniM><! lines which on a plane 
surface bear liouioiogous relation to (lie Jaiitiiiit- and longitude linen 

of the earUi'B surfaoe. It U in this latter category that military map^ 
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belong. Such a system of lines designed for the purpose of construct- 
ing a map on a plane surface is called a projection. 

58- Types of projections 

a. Mercator projection. The Mercator projection is constructed 
by projecting radially the meridians and parallels onto the surface of 
a cylinder which is tangent to the earth at the Equator and then develop- 
ing this cylinder on the map. The meridians and parallels all appear 
as, straight lines, meridians being equally spaced while the distance 
between parallels increases toward the poles. The Mercator chart is 
Used to a great extent in navigation, as the bearing between any two 
points as shown by this chart is the course a vessel would follow to 
arrive at its destination by steering a constant course. (See figs. 24 and 
25.) 

b. Conic projection. In the conic projection, a cone is assumed to 
be tangent to the middle parallel of the map, the apex of the cone lying' 
in the prolongation of the earth's axis. The cone is developed by first 
drawing a vertical line as the control meridian of the map. Selecting a 
suitable point on this line, the slant height of the cone tangent to the 
parallel of latitude is then laid off on the side toward the pole, thus 
locating the apex of the cone which serves as the center of a series of 
circles representing the parallels of latitude. The latter are drawn 
through points, corresponding to proportional intervals of latitude, 
previously laid off on the central meridian. After subdividing the mid- 
dle parallel to correspond to proportional intervals of longitude, straight 
lines representing meridians are drawn from the apex of the cone to 




thc-^P ^iiUan i-lnns. Tho disdirtinns in tbip proiectian aic >m .^uutll that 
it bccQiiius ai)inu-ent only on inups of veiy lai'ge areas. (Stie tigs. 26 and 
27.) 

c Poi vrnxTf FRojccTroN. (D The ordinaiy, or American polyconic 
projection, one of tlu- Kubclix'i^ions of the general division of polycomc^ 
projections, has been adoi^ted a.« t^tandard for all iiuht:uy maps of i 
rmtcd Pttitc^, AlHioimh ih«- luylyrovur projection by no means tlie 
most accurate or desirable iovm u( projection, it has been adopted 
because of the comparative iiiaOn-nnidfal j^iinplicity cou^ivucUm luul 
the f-ift tliat n lal>fo for it^^ use hiis been calculated for the whole cartli. 
In principle the pulycoiiic projection Is a modification of the come pro- 
jection Every parallel of latitude is represented on tlvc nia|> by the 
^U^^-dupo.l cirn'miference of the base of a right cone tangent to the earth 

at that parallel. , , ^ 

(2) It is apparent that as the parallels iipi-iY-ru U the Eqvuiti.r, Uie 
shape oi the cone approaches that of a cylinder and the Equator api)uar8 
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from «pht;ff by mefcator 
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on the projection as a straight line. The meridian through the ceijter 
of the area is called the central meridian and is shown as a straiKht line 
perpendicular to the Equator. The otiier muriilinns are curved liiw^ 
converging as tiiey go from the Equator towaid the poles. The ]>aralieis 
ate spaced on tlie centrul mrridian true to scale and are drawn through 
these points with tlie proper radii. Every parallel is then graduated 
true to scale and the meridians are drawn as curves through the points 
of wjiiiil Idiif^itudo. 

{3)j A mup pitpai t J In lids vtaj ^hw^ibju^J^}A\^^ 
row areas (t>^mjn^T_w,^tVJJaa^^^ ^^^'^^^e ^^^h is 

pecLed expansion or contraction of map pap> r, Tlie jiolycomc projec- 
lion is not satisfactory for wide areas (east to wt si ) ; in u map of the 
entire I'nited Stales, ilir di-fnttion (ui the cast mi-! wc ^l vA^v^ W as j^rrat 
H3 7 percent. On the other htmd, iw additional distiirti-m h iianichiml 
by extending the map north and south. (St c fig^. 13 to 47.) The length 
of the map (north to south) may iRerefore be of any extent. (See fig?. 
30 and 31,) 

s d Zone polyoonic projection. The only distortion occurring m 

iKjIyponic project inns h in rlif^tance^ running north iind south and dis- 
placed east or west of the central meridian. It is zero at tlie cfniral 
meridian and increases as the distance from the central meridian is in- 
creased, (See figs, -t:^ ■i7.) Tn order that this distortion mny l>e 
reduced to a minimum on military maps, the United States ha., been 
divided for the purpose of projection into narrow north and south zones 
each 9° of longitude in width. The f>n>jeo(ioTi of earh individual map 
or sheet of an area in the zone is represented a? a c:orrespondmg section 
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of the zone projection. For convenience in describing the location of 
points on the map and determining the distance and direction between 
poibts, the military grid system has been superimposed upon the zone 
• polyconic projection. The difference between the proper section of the 
zone projection and a local polyconic projection of the same section is so 
small that it may be ignored and the local polyconic projection used. 

e. Lambert projection. (l)']Most French and British maps are 
based on the Lambert projection. The Lambert conformal conic pro- 
jection is a secant cone type of projection which intersects the earth at 
two parallels of latitude. Along these two parallels the scale is exact; 
between them the scale is slightly shortened and outside of the parallels 
the scale is somewhat too large. This gives a balance of scale over the 
whole projection and makes it possible to cover a wide extent of latitude 
with minimum distortion. Tables of scale variations have been com- 
puted for every minute of latitude so that these variations may be taken 
into consideration in any computations and full allowance made for 
them. Thus computation of distance may be very accurate in all parts 
of the projection. 

(2) When using grid coordinates taken from a Lambert projection 
for the computation of azimuths^ and distances, it is not necessary to 
make any correction for magnification of scale. 

(3) The meridians will all intersect at a point at the apex of the 
cone. When the conical surface is split along an element, it can be 
unrolled in a plane and the parallels become arcs of concentric circles. 
When the conical surface is developed in a plane it forms a sector of a 
circle. 

(4) This intersecting type of projection provides a better map than 
•does a tangent cone projection because of its uniformity of scale. (See 

figs. 28 and 29.) 
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CHAPTER 5 



COORDINATE SYSTEMS 



Section I. GEOGRAPHIC COORDINATES 

59. Reference planes 

In order to define positions on the earth's surface it is necessary to 
have fixed reference planes and surfaces. The surface of mean sea level 
has been adopted as the surface of zero altitude. The meridian passing 
through Greenwich Observatory, near London, is usually taken as the 
reference meridian from which longitude is measured in degrees, minutes, 
and seconds, halfway around the globe, positive to the west and negative 
to the east. The Equator is taken as the reference parallel from which 
latitude is measured in degrees, minutes, and seconds, to the poles, 
positive to the north and negative to the south of the Equator. (Sec 
fig. 32.) Geographic coordinates (latitude and longitude) are used to 
designate the location of points on the earth's surface by reference to 
these fixed initial planes. While thp algebraic signs of the latitude and 
the longitude show whether they are north or south, east or west, the 
letters N, S, E, and W, are usually used, being placed after the figures.. 
For example, the geographic coordinates of the Capitol at Washington 
are latitude 38» 53' 23" N., longitude IV 00' 34" W. 

60. Foreign maps 

Most foreign maps use the Greenwich meridian as the meridian of zero 
longitude. However, many foreign maps are based on some other meri- 
dian as a prime meridian. The Corps of Engineers will usually transfer 
the given longitudes to standard longitudes based on the Greenwich 
meridian as the prime meridian when a map is to be reproduced by them. 
A map issued by some other source must be examined to determine the 
prime meridian used. Longitude is an inherent part of time computa- 
tions, so that it is essential that reconnaissance officers be given a source 
of information for transferring longitude based on one prime meridian 
over to longitude based on the Greenwich meridian as a prime meridian. 
The table on page 41 gives the longitude from the Greenwich meridian of 
the prime meridian used on some maps of the countries listed. Any map 
used should be checked to determine a discrepancy between standard 
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longitude and the longitude listed on the foreign map. If a discrepancy 
is found, the meridian used as a prime meridian should be determined. 
The correction to transfer to standard longitude may be found in the 
table following. Any celestial observations made may then be based on 
standard longitude from the Greenwich meridian. 

Prime Meridian used by Geodetic Section, Army Map Service 

Meridian Accepted value 

Paris. France 2° 20' 13.95" E 

Madrid. Spain 3» 41M4.55- W 

Monte Mario. Rome, Italy 12» 27' 07.06" E 

Batavia, Netherlands East Indies " lOG" 48' 27.79" E 

Padang, Sumatra, Netherlands East Indies 100° 22' 01.42" E 

Midden Meridian of S. Sumatra, Netherlands . East Indies 103" 33' 27.79" E 

Ferro, Canary Islands 17» 39' 46" E 

(17° 40' 00" E used by Germans) 

Amsterdam, Netherlands 4° 53' 01.978" E 

Lisbon (Observatory of Castelo de S. Jorge), Portugal 9° 07' 54.806" W 

Naval Observatory at Genoa, Italy 8°^ 55' 15.929" E 

Copenhagen, Denmark 12° 34' 40.35" E 

Athens, Greece 23° 42' 58.5" E 

Helsinki. Finland 24° 57' 16.5" E 

Pulkovo (near Leningrad), U.S.S.II. 30° 19' 38.49" E 

San Fernando, Spain 6° 12' 20" W 

Singhawang, China 108° 59' 41" E 

Istanbul, Turkey 28° 59' E (approximate) 

61. Parallels and meridians 

Parallels and meridians of latitude and longitude are measured by 
two systems: 

a. Sexagesimal system (degrees, minutes, and seconds). This is 
the predominant system and is the system used by the United States.; 
•This system is used also by British, Dutch, Chinese, Scandinavian, 
German, Italian, and Japanese cartographers. 

6. Centesimal system (grads and decimal fractions thereof). 
This system is used in France, and by countries whose cartographic 
practices were influenced by the French. The basic relation between 
grads and degrees: 100 grads equals 90^ Maps issued to using person- 
nel by the Corps of Enginers will '.usually be converted to standard 
longitudes and will be converted "to standard systems. However, it is 
possible to encounter unconverted maps in the field and it is necessary 
that the reconnaissance officer*, understand how to convert data. 

62. Convergence of meridians 

a. The distance between two adjacent meridians is greatest at the 
Equator and gradually decreases in a north or south direction until it 
becomes zero at the two poles. The angular amount by which meridians 
approach each other is called the convergence of the meridians. For 
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example, the fdnverpfnre of the iiK-rKlKin loiii^il iidr 72" witli that of 
kmgitude 73° at the pole is 1°; but at ttn' Ktjiiatur all nit'ii.linna are 
]}arallel and the convergence is zero. It is thus appan m iliat the 
aMioiint iif convci-i^t'ntT of nioriiliaii^* is a funeilon of the hiliniil!'. 

b. In figure 33, F represwits the pole, l^A the seventy -tliini iiicriUiiin 
and PB the seventy-fourth meridian. CP is a straight line perpendic- 
ular to PA. At the iKiint A where CD int(^r^^cr-ts the seventy-third 
meridian the true azimuth of CD is the angle PAD. The azimuth of 
CP at A is 270% that of the same line at B is less than 270* by the 
amount of the convergence of the two merirliatiw. 

c. The azimuth of the line BA is commonly called Lliy back azimuth 
of the line AB, The ba^k ajsimnth of a line differs from the forward 
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74* 

Figure 33. Convergence of meridians. 

azimuth by 180° plus or minus the convergence of the meridians through 
the two points at the ends of the line. The true back azimuth and the 
true forward azimuth of a line differ by exactly 180° only when the 
line is due north of south or along the Equator. 

d. The formula for the amount of the convergence of the meridians 
between any two points is: 

Convergence (in angular value) ^ difference in longitude of the two 
points (in angular value) X sine of the mean latitude of the two points. 
The value of the convergence obtained by the use of this formula will 
be expressed in terms of degrees, minutes, or seconds, according to which 
unit is used to express the difference in longitude. 



Section II. MILITARY GRID SYSTEM 



63. General 

The length and direction of a line joining two points can be computed 
from their geographic coordinates, but the computation is long and 
difficult. In a system of rectangular coordinates, however, if the abscis- 
sas iX) and ordinates (F) of two points are known, the determination 
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of the length and direction of the line joining them requires only the 
solution of a right triangle. Likewise, in such a system the position of 
a point may be determined if the distance of the point from two refer- 
ence lines intersecting at right angles is known. The two distances 
which locate the point are measured parallel to the horizontal and ver- 
, tical axes and are known as the "X" and "Y" coordinates, respectively. 
(See fig. 34.) The unit of linear measure in the American military grid 
system is the yard. All measurements in feet are changed to yards 
before calculation is commenced. 

64. Military grid system 

a. For the above reasons, a system of rectangular coordinates, known 
as the "Military Grid" system, has been adopted as standard for mili- 
tary maps of the United States. In this system, the area of the United 
States and part of Alaska is divided into nine north and south belts or 
zones. Each zone is 9° longitude in width. In the polyconic projection 
of each zone the central meridian of the zone is the Y axis of that zone 
and the parallel of 40" 30' north latitude is the X axis of all zones. 

b. With the intersection of the X and Y axes in each zone as an 
origin, a system of lines parallel to each axis is drawn, forming a network 
of squares on the map. The distance to each axis is drawn, forming a 
network of squares on the map. The distance between grid lines, in even 
thousands of yards, varies from 100 to 50,000 yards, depending on the 
scale of the map. To avoid the use of negative coordinates, the geo- 
graphic origin of the grid system for each zone is given the coordinates: 

' X = 1,000,000; Y = 2,000,000. 

c. To avoid the confusion which would result when operating in areas 
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Figure 34. Rectangular coordinates. 
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lying in two adjacent zones, it was decided to have zones overlap one 
another by 1°. The designation of zones, their central meridians, and 
limiting meridians are shown in the following table: 



Designation {zone) United States Central Meridian Limiting Meridians 



A 


73° AVcst 


68° 


30' 




30' 


B 


81 


AVest 


76 


30 


85 


30 


C 


89 


AVest 


84 


30 


93 


30 


D 


y / 


"Woof 

\v est 


92 


30 


101 


30 


E 


105 


vVcst 


inn 




inQ 


OU 


F 


113 


West 


lUo 




117 




G 


191 


\V call 


lie 


Of* 


1 OK 


on 
oU 


TT 


129 


AVest 




ow 






J 


137 


AVest 


132 


30 


141 


30 


Foreign possessions: 














. Canal Zone 


81 


AVest 










Hawaii 


158 


AVest 










Philippine Islands 


122 


East 











The zones A to G are shown graphically in figure 35. 

d. The military grid appears registered on griddcd maps in two series 
of parallel lines at right angles to each other. The central meridian of 
the overlap between adjacent grid zones is the dividing line between the 
zones. Any map which falls within the 1° overlap between grid zones 
always shows in solid black lines the grid of the zone to which the map 
pertains. The grid of the adjacent overlapping zone may also appear 
registered by means of grid intersections (small crosses) on the face of 
the sheet and ticks around the border lines. The scheme is useful in 
effecting transition of data from one zone to another. The lines of the 
overlapping zone when needed may be struck in by simply joining the. 

.registration points. Since the grid lines of each zone are all parallel to 
the central meridian of the zone and since meridians converge to the 
poles, the lines of overlapping grids will always cross at distinct angles. 
(See fig. 36.) 

e. The system of north and south grid lines on a griddcd map is referred 
to as the Y lines and the system of east and west grid lines is referred 
to as the X lines. All Y lines are parallel to the central meridian of the 
grid zone in which the map falls. All X lines are at right angles to this 
central meridian. The base directions established by the Y lines are 
known as "grid north"' and "grid south." The base directions estab- 
lished by the X lines are known as "grid east" and "grid west." 

/. The distance of each north and south grid line, grid cast of the zero 
point or origin of coordinates, is marked in thousands of yards normally 
along the south border of a gridded map. The distance of each east and 
west grid line, grid north 'of the zero point or origin, is marked in 
thousands of yards, normally along the west border of a gridded map. 
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y\iv numhoYs wliicli identify the north and south grid Jinc ami \hv vaA 
and west grid line which intersect at or nearest to the soutJuvest coi iru- 
of a gridded map are written out in full in yards. In marking all atlier 
Hr'ul lines, the digits rninmon to the sheet may ho ouutti'd U'ltcri flic 
grid of an overlapping zone appears registered by ticks and nrnl iiitrr- 
section on a map, the ticks of the north, south, ca^, and we,«i, grid ]ine.i, 
ri-s|)f'('tively, which intersect at or nearest to tlie i^outlicas^t corner, are 
niurkod in full yards. No other grid lines of the overlapping zone are 
marked. 

r;. In any system of reotfliit^ui.ir t oifnliiinif.-^. if I he ahsri-^sa-- X and 
urdinates Y of two points arc knoivii, tJic detiTrnhjatjoii of the length 
nnd direction of the line joitjing tijem requires only the solution of a 

■ i ■ ^ ? likewise, in such a sysstcni (lif pns^ilion (>f a point raay 
ijt' dLiumiiued if the distance of the point from two reference Hnes inter- 
secting at right angles is known. The two distances which locate the 
point an' niea^^iired iiaralfi i m Hie liorizoiital ;intl vertical axes and arc 
known as the "A'" and "}"' cuordinate?;, resiiettivoly. 
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figure 3^, On^^ofsone^* 
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h. A complete explanation of the Military Gnd System wi h table? 
giving grid coordinates of the intersection of every 5' of latitude and 
every 5' of longitude within the United States and with formulas for the 
conversion of geographic coordinates into grid 

versa, may be found in Special Publication Na 59, Grid System for 
Progressive Maps in the United States, Umted States Coast and Geo- 
detic Survey. Tables for converting geographic mto gnd coordmates m 
the vicinity of the Canal Zone have been prepared by the Corps of 
Engineers. However, no tables are available for th.s conversion in 
Hawaii or the Philippine Islands and it is t^e^fore necessary to com- 
pute the grid coordinates for given positions. Special P«bbcatKms Nos. 
5 and 8, United States Coast and Geodetic Survey, or TM 5-235, pro- 
vide the necessary data for this computation. 

i. In this manual the term "military gnd coordinates ^^fers to tho»e 
coordinates computed or scaled from the zone polyeonic type of projec- 
tion. 

65. Determinaton of grid coordinates ,. ' 

There are several methods of obtaining the military grid coordinates 

Thf conversion of the geographic coordinates "»"f"dc and longl- 
tude) to military grid by interpolation in Special Pubh ation No. 59 
United States Coast and Geodetic Survey, subject: Gnd System for 
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Figure 38. Geographic podUon of Magnclic PoU. 
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Progressive Maps in the United States." The tables in this text show 
the grid coordinates in yards of the intersection of each fifth minute of 
longitude with each fifth minute of latitude within the whole area 
covered by the grid system in the United States. 

h Thr r n nvnri]inn nf gpnp;r: i rhi^ nnni.rj;,,n *. . , f. n . gi^irj nnn r- 

i,/ jii natcs b)'' fo r mula ao CKpIoijiLj lii pai^grjiph 117/, TM 5 285 . 

c. The scaling of the coordinates from a grid map. 

d. The running and the computation of a traverse, using several 
known points as a basis to determine, the coordinates of an unknown 
point (ch. 6). 

e. Tho determination of position of an unknown point by intersection 
(ch.7). 

/. The determination of position of an unknown point by resection 
(ch.8). 



Section III. AZIMUTH 

i 

66. General 

Azimuth is the most convenient and commonly used method of ex- 
pressing direction. For most military purposes, azimuth is the hor- 
izontal angle measured in a clockwise direction, from the north point of 
a north-south line through the point of measurement, to the point to 
which the angle is measured. In the Southern Hemisphere it is some- 
times simpler to reckon azimuth as being measured from the South point 
rather than the North. There are three main methods of determining 
direction namely by compass, by celestial observation, and by map. A 
direction determined by compass is a direction referred to magnetic 
north and an azimuth determined by compass is known as magnetic 
azimuth. A direction determined by celestial observation is a direction 
referred to true north and an azimuth determined by celestial observa- 
tion is known as true azimuth. A direction determined by an oriented 
map with the grid lines shown is referred to grid north and an azimuth 
determined by an -oriented map using grid lines is known as grid azi- 
muth. 

67. Relation between azimuths 

a. Grid north, magnetic north, and true north are rarely the same 
direction. Magnetic north is determined by the position of the magnetic 
pole on the earth. This magnetic pole does not coincide with the north 
pole Qf the earth (see fig. 38) and so m?t|netic portU varies from true 
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iiorih according to the observer's position on the eartii. Similarly, the 
south magtjet ic- is nr.t :it tlir f^cnith Pote of the earth. 

h. The noiLh point dt^tcrmincd by celestial observation is always 
true north irrespective of the observer's position on the earth. 




Figure 39. Divergence of tm dxKf^ frm ffriti 4xmf^ 



■ c. Grid north is established on a map by drawing the north-south 
grid lines parallel to the central meridian of the map. The grid line 
coinciding with the central meridian of the map will then be lying in a 
true north-south direction and grid north and true north will be the 
same direction along this line. However, along the edges of the map 
the north-south grid lines will be parallel to the central grid lines but 
true north will be parallel to a meridian at that point and so will differ 
from grid north for that point. This divergence results in a difference 
between the grid azimuth and true azimuth of any line except a north 
and south line on the central meridian. Referring to figure 39, it is 
readily apparent "that at all points east of the central meridian, grid 
north is east of true north and the grid azimuth is less than the true 
azimuth, while at^all points west of the central meridian, grid north is 
west of true north-'and the grid azimuth is greater than the true azimuth. 
The difference between the true azimuth and the grid azimuth of a point 
at the apex of thVtriangles is the angle between Y and T in each case. 

d. The general formula for the difference between true azimuth and 
grid azimuth 'Divergence or declination (in angular value) equala 
difjerence in longitude between the central meridian of the zone and the 
point for which the (divergence is desired ( in angular value) times- sine 




Figure 40. Relationship between three base directions on a map, showing corrc- 
-spOnding azimuths and back azimuths of line OA, 
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of the latitude of this point. The value of the divergence obtained by 
the use of this formula is expressed in "degrees, minutes, or seconds, 
according to which unit is used to express the difference in longitude. 
It must be remembered that this formula is accurate to within a few 
seconds only (depending on the difference in longitude between the 
central meridian and the observer's station) and that if a more precise 
value is desired, table L, TM 5-236 (corrections for the reduction of 
geographic azimuths to grid azimuths), is used. However, since for 
•most practical artillery purposes it is sufficiently accurate to determine 
azimuths to the nearest half minute, the formula is sufficiently accurate 
and saves making a difficult interpolation of table L, TM 5-236. 

e. The back azimuth of a line is the azimuth of the line extended in 
the opposite direction. It is the azimuth plus or minus 180°. Thus 
in figure 40, the azimuth of the line from to A (or OA) differs from 
the azimuth of the line from to A' (or OA') by 180° and the azimuth 
of the line OA' is equal to the back azimuth of the line OA. 



AZIMUTH » 360*- BEARING 
BEARING » 360*- AZIMUTH 
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Figure 41. lielalionship between azimuths and hearings. 
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68. Declination 

Declination is the difference in direction between true north and 
either magnetic north or grid north. Hence, there are two declinations, 
magnetic declination and grid declination. 

a. Magnetic declination. Magnetic declination is the difference 
in direction between true north and magnetic north. In some localities, 
the compass needle points east of true north; in these localities the 
magnetic declination is east. For instance, the compass needle in a 
certain area points 10° east of true north; the magnetic declination in 
that area is, then, 10° east. In some localities the compass needle points 
west of true north; in these localities the magnetic declination is west. 
Since the magnetic pole is not fixed, but is subject to cycles of changes 
of position due to obscure causes, the magnetic declination in any one 
locality is subject to change, the amount of which can be predicted from 
the records of past variations. On the margin of standard military 
maps is shown, in a diagrammatic form, the average magnetic declina- 
tion for the locality illustrated by the map at a stated date; also its 
annual change and whether increasing or decreasing. 
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Grid decunation. Grid deciinatiun is Uie ilifTcrence in direction 
between true north and grid north. (See fig. 40. J 

99. Bearing 

Bearings ani Uf^tni to express directions as determined by a c«mpass 
or celestial obsfr\ ation. The bearing of a given line Ib the angle and 
direction which ihe line makes with respect to the north or sout^ base 
tiirection line. The direction is indicated by giving the angle from the 
north or south toward a basic direction either east or west, Buch aa north 
60*= east However, the angk; may be greater tlian 90'' in vviiirii Vi\^o 
the angle is expressed in the same way but tlie east or west direction is 
an exprejiwion of direction of rotation. In using formulas for solution 
of celestial observations, it is possible for the .'^lution to be iinlif-af cd 
as an angle over 90" measured from the elevated pole (North Pole in 
the Northern Hemispiiere, South Pole in the Southern Hemisphere) in 
an easterly or westerly direction, sueh as north 120^ ca.^t. Tliis means 
that the ani^ie was measured from the north, 120° toward tbc east. 
However, 120^ cau.^es the angle to pass the cast point and progress 30' 
beyond, and toward the i^outb. Tn cji^c the term ^*cast" is merely 
a direction of initial rotation. Figure 41 illustrates bearings and aai- 
niuths and the relationship between the two. Bearings are not as con- 
venient as aaimutbs for military purposes and so a bearing is usually 
eonverted to azimuth to simplify recording, transmission and plotting. 

70. Computatlori of grid azimuth and distance 

a, Beabikgs. The direction or azinunli of a line y mcas^ured m a 




Figure 4S> 

The earth is diffleult to repreeeiit on a map because it ia a sphere, and a map is a 
flat plaoe. 
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clockwise direction from the north or south point, but in the Northern 
Hemisphere is usually measured from the north. In this manual, azi- 
muth will be considered to be measured from north except when speci- 
fically stated otherwise. Azimuth may be expressed in degrees clock- 
wise from 0° to 360°, or in mils from to 6400. In figure 42, the angle 
a represents the azimuth of the line AB. ■ The bearing of a line is the 
horizontal angle which it makes with a north and south line ; when 
making computations, the bearing is usually expressed in a value less 
than 90° and, therefore, it is sometimes measured from the north and 
sometimes from thd south, clockwise or counterclockwise. In figure 42, 
the angle ft represents the bearing of the line AB. The bearing of a 
line is always the angle whose tangent is AX /AY. 

It is good practice, in determining the azimuth of a line whose coordi- 
nates are given, to draw a rough diagram similar to the one in figure 42, 
and to note by inspection the quadrant in which the line being calcu- 
lated lies and the approximate azimuth of the line. In converting bear- 
ings to azimuths, it should be remembered that bearings in the first and 
fourth quadrants are measured from north, and bearings in the second 
and third quadrants are measured from south. 

b. Ay CORRECTIONS. The azimuth and distance computed from the 
coordinates of the United States military grid system will not be exact 
due to the fact that Ay contains the error of the polyconic projection 
commonly known as the magnification of scale error. T - ho orror of th e 
polj'^coaic project i on i e a result of projooting a curved curface on tcm 
jykffter The correction for magnification of scale is dependent upon the 
distance of a measured line from the central meridian of a grid zone. 
An accurate value of Ay, as it would be measured on the ground, is 
obtained by applying a correction taken from table XLIX, TM 5-236. 
This correction is based on the fact that the military grid distance, in 
a north and south direction, is always greater than the ground distance. 
In other words, when it is desired to convert distances computed from 
military grid coordinates into true distances on the ground, Ay is first 
corrected for magnification of scale by subtracting the value given in 
table XLIX, TM 5-236. If, on the other hand, it is desired to determine 
the map coordinates of a point. Ay as actually., measured on the ground 
is corrected for magnification of scale by adding the value given in 
table XLIX, TM 5-236. In correcting Ay at points in the 1° overlap , 
between zones, care must be taken to obtain the correction for the proper , 
zone for the map which is being used. 

c. Calculation. Given the military grid coordinates of two points, 
A and B, as shown in figure 42. Compute the azimuth and distance' 
from A to B. (Latitude 30° 50' N; Longitude 77° 30' W; Zone A) 
Coordinates: 



Note: a used as the symbol for difference. 
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The sphere would upijear m jUiowu n divided mio (-i&ht t'quaJ aections. 



A 529,593.1 S36,tKs;>.;; 

B 534.784.7 834,807.0 

^ ^ —5,191.6 yards — K878.3 yiu ils 

Ay correction (table XIJX, TM 5-236) -4 ynnh 



Tangent bearing (jS) 

Log5191,fi (At) 
Los 1874.0 ^A//) 

Lug tatii luMiiiig (^) 
Bearing ifi) 
Subtract from 

Azimuth AB 
AB 

Log 6191.6 (Aj) 
Log sin 70= 09' 18" (0) 
Log AB 
AB 

Nwjs; i4B may ftteo be obtdnod by the \m ot Ap in the equation, AB -» 

<i. CoMruTATiON OF DISTANCE. For prcei^'o work, all distances^ must- 
be corrected for magnification of f=calQ. As noted Mbovf, tlir crrtn- in 
(ho noi-ili~Mnit!i dh-vvlwu ^ af^pnTinhlo soon om; works away from 
the central mcri<lia]i of tlic sioiit;, 'rin.-^ <ui^ir may be calculated by 
trigonometry in per cent (or yards error per 100 yards) by dctermmmg 
t!io <'(mvM-( !KM> ,if iiu'ri(li:m. hy the formula in paragraph 62^;, or it can 
l.e fuutul by duublu iiUurpyiatiyti from table XLIX, TM 5-236, in terms 
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Corrected Ay ^ 1,874.0 yard^i 

Ax 

~ AJ/ 

= 3.71530 

3.27277 (subtract) 

= 0.44253 

= 70^ 00' 08" (E of S) quadrant II 
ISO" OO' 00" 

« 109° 60' 52'' 
«= Ax/sm ^ 
= 3.71530 

9.97341 (subtract) 
— 3.74189 
5,519.4 yards 



of yaixlFi error per 1,(K)0 yanl^. The fll^tnrCmn appear? in the north- 
south vector of any line when wc are workinfr witli mihtiny grui coordi- 
nates. Tho digtortion decreases with increaging latitude, but increases 
with lun^inifiiiKtl (limMTucf itotwrcn tlio iiniiit umlrr discussion and the 
central jneridiau of the acme. It acUially ranges frora zero at all poinU 
on the central meridian to 2.754 yards per 1,000 yards in the north-south 
direction at 24° nortli liititiidr, and al \hv t'^1^^^• of tlir rsmv or 4° 30' 
from the central meridian. Ono tlioutjand yards on the grmind in a 
north-south direction when placed on the map (or when obtaining the 
miiitary grid ccHinlinatrs of the point) must be strrti-Iicd l)y tliis dis- 
tortion or by tive magnification of scale correction, to make it fit tlie 
map. Likewii5e, in taking coordinates frora the map, to obtain ground 
distant'o, or azimuth, the Ai/, or the iinrth-sniith vvvtov of the line must 
he siirunk by tlie same correction. For example, 1,000 yards in^ a north- 
south direction on the ground at latitude 24* north, and longitude 7fl" 
30' west, wouUJ actually have to be stretched inilil it was 1,000 + 2.754 
— 1,002.754 on the map. Similarly, if we t<.)ok the distance from the 
map in order to obtain the ground distance, the map distance of 1,002.754 




Figwe 



If tilt* st'Ctiuii .sbowii on 1 1 II- l-fl is jl:iti-iHil Tf. :i[^ii(;ir li^ !i iilii]) tm n H.ii yhli*; 
north-south hues itt the t'dK*' of Hj'; ^f'^'inm will ciuL-k lUiti ijt»cinut- lii.^turteti an 

»hown on the right. 



yards uoult! have lo Ik* sfinink by 2.75i y&rdB, in order to obtain the 
proper ground dist^iu-e of 1,000 yards. 

e. TsAfiK. TIjp ufc (if mniinififfitjan of scale corrections should be 
undcrstuod by s^urvey porsoTiiiel that in work of precise nature the 
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proper coirections can' be made. However, when a rapid survey is 
being iiiatir nr wlu'lt ihv arm *ir \ \\v r^urvf'V i^ iioai' Uic ci'iilt-r nf Hit- ki)ih\ 
the correcliuuH may be smaller than tiic expected i^irovs in Uiu j-urvey, 
in which caiiie the correetions for magnification of scale are piiiwrfluous. 
H is advisjiJjjf \v c.'^diiiiite mentally the percentnsir' of mor Hiat mliihi 
bo expected considt-'Hug the method used in me:isuniig ciistiinfes and 
angles. For example, the average error for & base line meaBured with 
« steel tape using plumb hdUs aiifl ordinan^ care is about 1' in 5,000' or 
0^ yards in 1,000 yards; thweftirc, if tlie niagnitieation of scale correc- 
tion is less than 0.2 yards in 1,000 yards, it might as well be ignored, 
lT(}\v('V(.*r, if vi'iy fUTci^^e nicasiiifri]! tit U hc'iun u\:u\v. it f*!u;ni!d hi" lu- 
f'luded. In a higiily mobile situ^itiuu, the iiK'ifcurm'y of measurement 
due to rapid work will usually preclude the necessity of making a cor- 
rection for magnifieation of scale. 

71. The World Polyconic Grid 

The World Polyconic Grid i.« an extension of the U. S. Military Grid 




System to cover those parts of the world not gridded by the British and 
areas not previously gridded by the United States, The world is di- 
vided in an east and west direction into five north-south divisions called 
"Bands." Each band is made up of nine zones in the same way as is the 
U. S. Military Grid System. The nine zones to J in the U. S. Mili- 
tary Grid System are included in and comprise the total width of Band 
1. Band I, however, takes in all the area between Latitude 72° north 
and 70" south and takes in the same width as Zones A to J, that is, longi- 
tude 68° 30' west to 141" 30' west. Each band is divided at the equator 
and designated as Band I-N for the north half and Band IS for the 
south half. Band II is the next band west of Band I and takes in the 
area from Longitude 140° 30' West to 146° 30' East. Bands III, IV, 
and V are the next succeeding bands in a westerly direction. However, 
where a foreign grid system has been established such as in the Euro- 
pean and African area the grid system of that area is used instead of 
the World Polyconic Grid. Each band is divided into nine standard 
size ^ones lettered from yl to J in the same way as Band I. Figure 48 
shows an outline of the bands throughout the world. The portions that 
are shown blank are sections of the world covered by some other type 
of grid and for which gridded maps are available. The Corps of Engi- 
neers have prepared a publication entitled "Grid System for Military 
Maps for 49° to 72° north latitude," which gives the grid coordinates 
for 5-minute intersections to amplify the data contained in Special Pub- 
lication No. 59, United States Coast and Geodetic Survey, "Grid Sys- 
tem for Progressive Maps in the United States." 



Section IV. LOCAL PLANE COORDINATES 



72. Local plane coordinates 

In certain localities or instances, standard grid system maps or data 
may not be available. In such cases, it is necessary to establish a sys- 
tem of local plane coordinates. Local plane coordinates are a system 
of coordinates similar to the military grid coordinates except that the 
point of origin of the system is some local point rather than a specified 
zone point. This local point is ordinarily given grid coordinates sucli 
as X = 100,000 and Y = 200,000. A true north-south line is deter- 
mined through this point and a grid system with resulting rectangular 
axes is superimposed on the map. Inasmuch as the local plane coordi- 
nate system is usually used for a relatively small area, no corrections 
are necessary for magnification of scale. This system may logically 
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be expected to be used when units are beginning operations in a new 
territory where maps or a standard grid system ar{> not available. The 
local plane coordinate system may be expanded from the initial system 
as the situation demands. 



Section V. POINT DESIGNATION GRID 



73. Point designation grid 

a. Aerial photographs are used initially in territory that is unmapped 
or for which maps are unavailable. The printing of accurate fire-control 
grids on photomaps usually is, impracticable because of distortion and 
the difficulty of reproducing a photo to a desired scale. Therefore, an 
arbitrary grid, known as the point-designation grid, is sometimes used. 
This grid has no relation to the actual scale or orientation of the photo; 
it serves only for point or target designation and normally is not suitable 
for measurement of distance or azimuth. For convenicncc^the dimen-^ 
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Figure 50. Reading coordinates on a point-designation grid. 
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«ion of the grid -square is 4* inches;. the 1:20,000 scale-may-tlien-bc 
used for dcterminrng^and plotting the coordinates of - points.- 

T ire^int-tlesignation-grid may be- printed on- the-plroto- (as4s-.the 
J-^caso with the wide-angle photo, fig. 49) or, for photos without- the' grid, 
Q'^s. transparent template with the grid printed on it may be used. It is 
essential that all concerned place their templates on the photo in exactly 
the same manner; standard markings o>the photo permit such identical 
placing. Many photos have collimation ticks in the center of each side 
of the photo from which the center may be found. The grid is designed 
to have its-two central lines, the AA line and the MM line, pass through 

the eenter of the photo.- — 

c. To determine the coordinates of a point (fig. 50) the intersecting 
grid lines to the left and below the grid square in which the point is 
located are first indicated by two letters; then the two numerical co- 
ordinates are read to the right and up, in that order, just as for the fire- 
'jTj^ 1/ control grid. For example, using a l:255oO scale to the nearest ten 
yards, the coordinates of the point in figure 50 are KN7763. If less 
accuracy is sufficient, the coordinates are KN86. 
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Figure 51. Diagram of basic grid (M). 
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Section VI. JAN GRID 



74. Jan grid 

a. A standard grid, known as the JAN (Joint Army-Navy) grid, is 
employed by the Army when operating jointly with the Navy and at 
such other times as necessary. The JAN grid permits the prompt and 
accurate transmission between the Army and Navy of information in- 
volving the location of points and areas. The grid may readily be 
established or changed for the purpose of security by a brief message. 
It is adaptable to any scale or projection and may be used without car- 
tographic calculation, printing, or lithographic preparation. 

b. When not operating with the Navy, the JAN grid is well suited ior 
use by the Army in designating coordinates on maps or charts showing 
only latitudes and longitudes. A rectangular grid is, in general, printed , 
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on tactical maps or military maps of large scale. Maps at the scale of 
1:500,000 or smaller, as well as aeronautical and hydrographic charts, 
generally show only latitudes and longitudes. Such maps or charts are 
frequently used in large scale operations for strategic, logistic, and 
supply purposes. Reference to position by latitude and longitude is 
cumbersome and does not provide the security afforded by the use of an 
arbitrary grid which may be readily changed. 

c. The basic grid in this system is bounded by meridians and parallels 
of a designated length which are subdivided into ten equal lengths by 
intermediate meridians and parallels forming one hundred grid areas. 
(See fig. 51.) The origin of coordinates is always at the southwest cor- 
ner. The base lines extend for the same prescribed number of minutes 
of latitude or longitude or of nautical miles (1 minute of latitude is 
1 nautical mile). In the latter case, chart or map scales are used to 
measure base lengths. 

d. The JAN grid is established in an area by designating the coordi- 
nates of the origin (or base point), 'which generally must be expressed 
in longitude and latitude, and by prescribing the length of the base 
lines. Assuming a point or origin at 24° west longitude and 30" north 
latitude and side lengths of 100 minutes of longitude and latitude, the 
basic grid may be established by the message: "Establish JAN grid 
origin 24W30N sides 100 minutes." The basic grid is changed by 
selecting new origin and base lines. 

e. Coordinates of points are given in the conventional manner without 
separation. In figure 51, the coordinates of point "C" are 52 and would 
be expressed in a message as' "JAN point 52." Similarly, point "D" 
would be expressed as "JAN point 8359." To refer to an area within a 
grid, the word "area" precedes the coordinates of the southwest corner 
of the area. The size of the area is denoted by the number of significant 
figures employed. The area' 47 would be the area "A" bounded by one- 
tenth of the base line lengths. The area 1645 would be the area "B" 
bounded by one-hundredth of the base line lengths. The foregoing areas 
would be expressed as "JAN area 47" and "JAN area 1645," respectively. 

/. When it becomes necessary to extend the grid to cover adjacent 
areas, the standard grid extension shown in figure 52 is employed. It 
will be noted that the basic grid as initially established becomes the 
central grid "M" of an alphabetical system of equivalent grids (grid 
square M is the square shown in fig. 51 reduced in scale). While the 
grid extension is constructed on the basic grid "M," the origin of coordi- 
nates for points or areas in any lettered grid of the system is always the 
southwest corner of that grid. Grids are identified within the system 
by prefixing the appropriate grid letter to the coordinates. For exam- 
ple, point "Z" in grid "G" (fig. 52) is designated "JAN point G7025." 
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Section VII. THRUST LINE METHOD 



75. General 

The thrust line for encoding maps has proved very successful, and 
has unlimited possibilities. By prearrangement, all units using the 
thrust line must know the starting point, a secondary point, the two 
directions from the thrust, and the unit of measure. The thrust line 
used for designating locations of friendly units should be distinct from 
that used in designating locations of hostile elements. 

76. Example 

a. A line is located from RJ 109 (see fig. 53) through grid intersection 
1015-1832. RJ 109 is the starting point and all locations are read out- 
ward from this point. The thrust line need not stop at the grid inter- 
section but can be extended for any distance necessary. All locations 
to the right of the line are in "M" direction and all locations to the left 
are in "Q" direction. Other letters for these directions may be used. 
The unit of measure usually is in miles. This unit of measure can be 
anything the commander desires, but with maps having a graphic scale 
on them, the units of measure are usually used. IMaps having only a 
representative fraction or aerial photographs generally use 1 inch for 
the unit of measure. 

b. To locate positions by this thrust line a perpendicular must first 
be dropped from the desired location to the line, then the distance from 
the starting point to this intersection measured, giving the direction of 
the position, and then the distance in that direction using the same unit 
of measure as used along the thrust line. For example: To locate 
point "A." 

c. We find that point "A" is five and four-tenths units down^ the 
thrust line, and in ''M" direction two and five-tenths units. ^ This is 
transmitted as 54M25. One decimal point is assumed at all times and 
need not be transmitted. 




Figure 63. Example of thrust line method. 
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Section VIII. MAP TEMPLATES Ml AND M2 



77. Map templates 

a. A map template is a transparent plastic sheet printed and per- 
forated as shown in the accompanying drawing. This template is used 
for designating specific locations on a map or photomap. Map tem- 
plates are of two types, Ml and M2, exactly alike with one exception; 
template Ml has printed upon it XX and YY axes, while M2 does not. 
They are employed similarly. (Sec fig. 54.) 

h. In order to use a map template, certain instructions must be given 
in the unit SOI (Signal Operating Instructions) in order that all indi- 
viduals in the unit using the template will operate upon a common basis. 
These items must be changed frequently, since they provide security 
in transmitting data by radio in the clear. The items are: 

(1) A letter code designating maps used. 

(2) A figure code designating reference points on the maps. 

(3) A figure system designating a numbering system for the template 
reference holes. 

(4) Designation of a horizontal or vertical line on template to be 
used as an orienting line. 

c. To determine the coded designation of a point on the map — 

(1) Place template on the map so that one reference hole of template, 
indicated by roman numeral, is over a stated reference point on the map. 
(Note the code letter of the map, the code number of the reference point, 
and the code number of the template reference hole.) 

(2) Rotate template until orienting line crosses a second reference 
point on the map. (Note the code number of the second reference 
point.) 

(3) Find the large lettered square in which the point is located. 

(4) Find the small numbered square within the large lettered square 
in which the point is located. 

(5) "Write code designation as follows: 

4267 A 5 Q 100 

42 - 1st map reference point used. 
67 - 2nd map reference point used. 
A - Code name for map. 

5 - Code number for template reference hole used. 
Q - Template lettered square. 

100 - Numbered square within lettered square. 

d. Knowing the code designation of a point, to locate that point on a 
map the reverse process is used, as follows: 

Given: 2545 C 6 N 63 
(1) Use map C. 
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(2) Place template reference hole 6 over map reference point 25. 

(3) Rotate template until orienting line falls on map reference 
point 45. 

(4) Locate lettered square N. 

(5) Locate exact point by finding small square 63 within lettered 
square N. 

e. For simplicity, the second reference point may sometimes be 
omitted, and the SOI then states that the horizontal template lines will 
be placed parallel to the EW grid lines of the map used. This method 
sacrifices accuracy and security to a moderate degree. For further 
security the code number for the template reference hole can be desig- 
nated as the middle (or initial, or final) figure of a three-figure group, in 
which case a code designation might be transmitted as 2545 C 464 N 63. 
In this example, the number 6 of the three figure group 464 is the critical 
code figure referring to the template reference hole. 



Section IX. BRITISH GRID SYSTEM 



78. Description 

a. The British Grid system has a basic property which requires that 
it be broken down into comparatively small areas. This property is 
the adaptability for accurate surveying without making various grid 
corrections which are common for large grid areas such as those used 
in the United States Military grid system. In addition to the areas 
being rather small they must also be relatively long and slender, with 
the long axis of the area being either in the direction of a meridian or a 
parallel. The general shape of a country, continent, or other large area 
to be gridded usually lends itself to a subdivision in one direction or 
the other. For example, Netherlands East Indies is easily divided into 
long slender areas running east and west, while East China is more 
readily divided into areas running north and south, 

h. Each area is named as a zone or belt; for example, Netherlands 
East Indies Zone of Australia Belt No. 5. - All British grids arc printed 
in a fixed color throughout any certain zone, the colors for a series of 
zones being selected so that no two adjacent zones will be in the same 
color. 

c. A grid zone is ordinarily divided into squares of 500,000 meters on 
a side. This basic square is assigned a letter, the letter being alpha- 
betical and reading from left to right and down within a zone. Each 
500,000 meter square is further divided into 100,000 meter squares, each 
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of which is also designated by a letter. Thus a 100,000 meter square 
of a zone may be identified by two letters. However, some zones are 
so long that there will be more than one 500,000 meter square assigned 
the same letter, while in a few zones no letters are used. See figure 55. 

d. On maps of scales of 1/250,000 to 1/500,000 the letter identifying 
the 500,000 meter square and the 100,000 meter square letter are both 
shown on the face of the map. Ordinarily on maps of scales of 250,000 
and larger only the 100,000 meter square letters are shown, although 
the letter identifying the 500,000 meter square may be indicated by a 
grid index diagram in the margin. 

e. The frequency of the grid lines is controlled by the scale of the 
map in question. On maps of scales from 1/20,000 to 1/100,000 the 
grids are 1,000 meters apart and on smaller scales they are fixed on a 
10,000 meter spacing. However, grids on the 1/100,000 scale maps are 
sometimes on a 10,000 meter spacing. 

79. Use 

a. Point identification by grid reference indicates, in order first; the 
500,000 meter square, the 100,000 meter square, the abbreviated east- 
west coordinate, and the abbreviated north-south coordinate. The pro- 
cedure is as follows: 

(1) Indicate the letter identifying the 500,000 meter square, as shown 
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Figure 55. British grid system. 
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directly on the face of the map or as indicated by the grid index diagram. 
• (2) Indicate the 100,000 meter square as shown on the face of the 
map, normally by a large open block letter printed in the same color 
as the grid lines. 

(3) "Write the east-west coordinate in the same manner as is done in 
the use of the United States Military grid, omitting the small figure or 
figures which precede the actual grid number. The grid value will be 
carried out by estimation or measurement to the minimum value de- 
sired. The hyphen or dash between x and y coordinates, always used 
in the United States Military grid references, is omitted in British grid 
references. See figure 55 for illustration of point designation. 

(4) "Write the north-south value in the same manner. The small 
numbers which precede the large figure at the end of the grid lines repre- 
sent the total distance from the false origin of the grid coordinates, 
and are always omitted in point designation. 

b. British maps and American reproductions of British maps employ- 
ing the British grid systems, invariably contain at some place in the 
margin, full instructions for the expression of grid references. In a few 
British grid zones, the yard is used as a unit instead of the meter. The 
entire procedure in grid reference, however, is identical in either case. 



Section X.. AIR DEFENSE GRID 



80. General 

The purpose of the Air Defense Grid is to satisfy the requirements 
of air defense in world wide application and to permit easy transmission 
of accurate positional information. The Air Defense Grid divides and 
subdivides all the earth's surface to latitude 80° north and south in 
such a way as to keep the grid divisions and subdivisions approximately 
square. This is accomplished by changing the size of the grids in de- 
grees and minutes of longitude several times between the Equator and 
the Poles. The only large variations in shape occur between latitudes 
72° and 80° N and S where the top of the grid lines converge consider- 
ably toward the poles, but it was felt that due to limited operation in 
this area it would be less confusing to allow the grids to converge more, 
rather than to add another change in grid size. Figure 56 illustrates 
the converging meridians and successive changes in grid .lengths. 

81. Designation 

This grid system is based entirely on lines of longitude and latitude 
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and can be placed on any map having longitude and latitude, regardless 
of type of projection, as can be seen in figures 57 to 61 where several 
types are illustrated. The first four successive subdivisions of the grid 
squares are identified by letters starting from the upper left corner of 
each grid square and running from left to right consecutively, omitting 
the letter /, as shown in figures 56 to 61 inclusive, and are divided on 
the basis of degrees and minutes of latitude and longitude. Points in 
the fifth subdivision are identified by four coordinate numbers, the first 
two along the x axis (longitude) and the last two on the y axis (lati- 
tude). The first digits of the x and y axis are shown on the grid and 
the second digit of each is estimated. 

82. First division 

The first division of the earth's surface is shown in figure 57 in large 

sliOfdccl block letters I 
A - from latitude 60° N to 80° N, longitude 0° around the world to 0". 
B - from latitude 40° N to 60° N, longitude 0° around the world to 0^ 

AIR DEFENSE GRID 




Figure 50. Spherical presentation of the first and second divisions. 
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C - from latitude 40' 
D - from latitude 40' 
E - from latitude 40' 
F - from latitude 40' 
G - from latitude 60' 



N to 40° S, longitude 0° to 120° E. 

N to 40° S, longitude to 120° E to 120° W. 

N to 40° S, longitude 120° W to 0°. 

S to 60° S, longitude 0° around the world to 0°. 

S to 80° S, longitude 0° around the world to 0°. 



83. Second division 

The second division shown in figures 57 and 58 with solid block letters 
is a division of each of the above shaded letter divisions as follows: 

Shaded letter A grid area is subdivided into one row of eight grid 
squares, lettered from A to // inclusive. Shaded letter B grid area is 
subdivided into one row of twelve grid squares lettered from A to M 
inclusive. Shaded letter C grid area is subdivided into twenty-four 
grid squares, four rows with six grid squares each, lettered from A to Y 
inclusive,- omitting the letter /. Shaded letter D and E grid areas are 
subdivided in the same way as shaded letter C. Shaded letters F and 
G areas are subdivided the same as shaded letters B and A, respectively. 

84. Third division 

^ [The third division, figure 59, is made by subdividing each one of the 
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Figure 57. Division one and dividon two. 
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solid block letter grid squares, made in divisions two into twenty-five 
grid squares. There are five rows with five grid squares each, lettered 
with hollow block letters from A to Z, omitting the letter /. 

85. Fourth division 

The fourth division known as basic grid, figure 60, is accomplished 
by subdividing each one of the hollow block lettered grid squares in 
division three into twenty-five basic grid squares, five rows with five 
grid squares in each and lettered from ^ to Z inclusive, omitting the 
letter I. The length of sides of the basic grid squares in degrees and 
statute miles are shown in paragraph 89 and appendix II. 




00 
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86. Fifth division \ 

The fifth division, figure 61, is made by subdividing each one of the 
basic grid squares in division four into one hundred squares, ten rows 
with ten grid squares in each, and numbering the x and y axis. The , 
division can be made by simply stepping off ten equal parts on all four 
sides of the grid and drawing in the lines parallel to longitude and lati- 
tude lines. 

87. Report 

To make a position report the four letters of each of the four divisions, 
and the four numbers of the fifth division are used. The full designa- 
tion of point X, figure 61, is EBPW 5518. For local operation some of 
the larger division letters may be omitted. 

88. Laying out 

a. To lay out a grid for local operation anywhere between latitude 40° 
.N and S, refer to figure 58 (division two solid block letters) to deter- 
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Figure 59. Division three. 
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mine in which grid square the area to be gridded Hes. This grid area, 
20° on a side, is then laid out with pencil on a map. Next divide this 
square into twenty-five grid squares 4° on a side and letter the sub- 
divisions as illustrated by hollow letters in figure 59. Only one or two 
of the division 3 (hollow letter) grid squares are normally used for local 
operation of the letters. The division three grid square to be used is 
then divided into 25 basic grid squares, 48' on a side. Each of these is 
then further subdivided into 100 grid squares as shown in figure 61. 

6. The procedure for laying out a grid in the area between latitude 
40° and 60° N or S is identical except that the second division grid area 
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lengths are 30° longitude by 20° latitude. This makes the third division 
grid areas 6° longitude by 4° latitude, and the fourth division grid area 
72' longitude by 48' latitude. 

c. The procedure is identical for laying out a grid in the area between 
latitude 60° and 80° N or S except that the second division grid area 
lengths are 45° longitude by 20° latitude. This makes the third division 
grid area 9° longitude by 4° latitude, and the fourth division 108' longi- 
tude by 48' latitude. 

89. Length of sides 

a. The following table shows in angular measure the length of the 
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83*12' 82*24' 

Figure 61, Dividon five. 
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sides of division 3, and basic grids division 4 in different areas of the 
World : 

Division one Latitude Division 3 Division 4 

Basic grid 

{Shaded letters) Long. Lai, Long. Lai. 

A & G 60° - 80° N & S 9° 4° 108' 48' 

B & F 40° - 60° N & S 6° 4° 72' 48' 

C, D & E 40° N - 40° S 4° 4° 48' 48' 

6. The following table shows length of basic grid (fig. 60) base lines 
in statute miles (see app. II also) : 

Latitude 
L>egrees 
^ and S 
(Equator) 





Miles 


Miles 


Miles 


Miles 




Jot 


Jor 


Jor 


Jor 




48' lat. 


JfS' long. 


72' long. 


108' long. 





54.963 


Od.ooo 






' 4 


54.966 


5o.z04 






8 


54.974 


54.O03 






12 


54.987 


54. lob 






16 


55.006 








20 


55.029 


CO A01 

52.0zl 






24 


55.056 


cr» KQO 






28 


55.086 


\Q CQC 






32 


55.121 


46.973 






36 


55.157 


44.822 






40 


55.194 


42.450 


63.676 




44 


55.234 




59.808 




48 


55.273 




55.646 




52 


55.311 




51.211 




56 


55.349 




46.525 




60 


55.384 




41.609 


62.413 


64 


55.417 






54.731 


68 


55.446 






46.778 


72 


55.472 






38.594 


76 


55.493 






30.218 


80 


55.509 






21.692 



For example, the size of a basic grid square at latitude 28° N or S is 
55.086 by 48.898 miles. A basic grid square at latitude 48° N or S is 
55.273 by 55.646 miles. A basic grid square at latitude 64° N or S is 
55.417 by 54.731 miles. 
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CHAPTER 6 



METHODS OF DETERMINING POSITION- 
TRAVERSE 



Section I. GENERAL 

90. Location of points 

a. There are three methods of determining the location of a point by 
means of ordinary surveying instruments: transit traverse, intersection, 
and resection. In all three- of these methods either the transit may be 
used and the coordinates computed from the notes, or the plane table 
may be used and the coordinates scaled from the plot. 

b. Gun positions are usually selected without regard to known points, 
and may be in locations not visible. to such points, so that it will bo 
impossible to locate the gun position either by resection or intersection 
and the coordinates will have to be determined by means of a transit 
traverse. 



Section II. TRANSIT TRAVERSE 



91. Conduct of traverse 

a. The nearest point of which the accurate coordinates are known, 
or can be determined, and from which a route to the point to be located 
can be followed without great difficulty is chosen from which to start 
the traverse. In settled communities normally it is possible to follow 
paths or roads so that very little brush cutting is necessary. 

b. An initial azimuth must be determined at the starting point. If 
another point, as distant as possible, but preferably' not less than 1 mile 
distant, of which the accurate coordinates are known, is visible from 
the starting point, the azimuth can be readily computed. If no point 
is visible from the starting point, an initial azimuth must be determined 
by either a solar observation or an observation on a stellar body. 

c. The traverse must be closed if possible; that is, after reaching the 
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position to be located, the traverse must either be continued to another 
known point or run back to the starting point by a different route. The 
linear error in closure is adjusted throughout the traverse by applying 
the proper proportion of the error to the points located, according to 
their distance from the starting point. 

d. When, because of lack of time the traverse is not closed, another 
azimuth determination must be made at the end of the traverse to check 
and adjust the cumulative errors in the transit work; also, the computed 
position of the point located must be checked as carefully as possible 
from the map in order to detect any large error that may have occurred 
in the traverse. In locating a gun position, when the traverse is not 
closed and time does not permit of azimuth determination, at both ends 
of the traverse, the azimuth preferably is determined at the gun position 
where it may be used for orienting the gun. In this case the azimuths 
of the other lines of the traverse must be determined by working back- 
Ward from the gun position to the starting point. 

92. Terminology 

To avoid using unfamiliar terminology in presenting the subject 
matter of the paragraphs below, definitions of a few of the more common 
terms used in surveying are given. " 

a. Direct or normal position of transit. When the instrument is 
so placed that the upper clamp and its tangent screw are nearest the 
observer, and the focusing screw of the telescope is on top of the tele- 
scope. The telescope level bubble tube is below the telescope. 

b. Reversed position of transit. When the instrument is turned 
180'' in azimuth from the direct position and the telescope plunged 
(turned over about the horizontal axis) it is said to be reversed. The 
direction of pointing is the same, but the telescope level bubble is upside 
down. This operation is called "reversing the instrument." 

c. Plunging the telescope. Inverting the telescope about its hori- 
zontal axis. 

d. Transit station. A permanent or semi-permanent point set in 
the ground. It marks an angle point or corner in a traverse, but may 
also be used to prolong a preceding course. • The purpose is usually 
accomplished by driving a stake in the ground, a tack being set in the 
top of the stake to mark the exact point. This is done by the front 
rodman or chainman, or under his direction. For temporary transit 
stations, a nail driven into the ground through a piece of paper may be 
tised. 

e. Triangulation station (A). As used in this manual, a permanent 
reference point with known coordinates, either military grid or geo- 
graphic. 

/. Foresight. Pointing the telescope on the next station of the tra- 
verse. 
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g. Backsight. Pointing the telescope on the last preceding station 
of the traverse, usually with the telescope "plunged." 



Section III. ORGANIZATION AND DUTIES OF TRANSIT 
TRAVERSE PARTY 



93. General 

A transit party for the running of a traverse should consist of an 
instrumentman in charge, a recorder, two chainmen, and two rodmen. 
In case of necessity, one of the chainmen may also perform the duties 
of front rodman and the instrumentman may act as his own recorder. 

94. Duties off instrumentman and recorder 

a. The instrumentman is in charge of the party and is responsible for 
the carrying through of the traverse. Before running the traverse he 
gives careful consideration to the necessary precision of the results 
required, studies the terrain, and selects the best route to his objective. 
Time is usually the controlling factor in the degree of accuracy attain- 
able. If time is available, measurements of distance are made by tape, 
but if speed is essential, stadia measurements mayvbe used. The instru- 
mentman sets up and levels the transit and measures off the angles of 
the traverse and checks the measured distance to the last station by a 
stadia reading. Occasionally he reads the magnetic bearing of a tra- 
verse line as a check against a large mistake in reading or recording 
angles in the traverse. 

h. The recorder is responsible for keeping the repords of the traverse 
in the field notebook. These records must be legible and clear, and must 
follow the form indicated in paragraph 102. lie gets the distances be- 
tween stations from the chainman if the tape is being used, or from the 
instrumentman if stadia is used. He keeps a rough sketch of the tra- 
verse showing distances and angles, as he goes along. This sketch 
serves as a check on the values recorded in his notes. In addition to 
keeping these notes he renders such assistance to the instrumentman as 
the latter may direct. 

95. Duties off ffront rodman 

The front rodman sets his rod over the next transit station 'as indi- 
cated by the chainmen, plumbs it, and waits until given the signal by 
the instrumentman that he is ready to proceed to the next station. He 
■ marks the station, and then proceeds to the next station, which has, in 
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the meantime, been measured by the chainmen. If the stadia is being 
used instead of tape, he sets up at positions indicated by the instrument- - 
man. 

96. Duties of the rear rodman 

The rear rodman sets his rod over the last station vacated by the 
transitman, plumbs it, and waits until given the signal by the instru- 
mentman that the latter is through with him. He then picks up his rod 
and proceeds to the station occupied by the transit, identifies this sta- 
tion, and sets up and plumbs his rod as soon as the transit has been 
set up at the next successive station. The instrumentman, if ready to 
proceed before the rear rodman arrives, may mark the station position 
for him. The rear rodman usually carries a stadia rod which is used to 
check the distance measured by the tapemen. He holds his stadia rod 
with the narrow edge toward the transit when the transitman is reading 
angles. On a prearranged signal from the instrumentman he faces the 
stadia rod toward the transit so that the distance may be read. If using 
stadia-measured distances alone, tapemen are unnecessary. 

97. Duties of the tapemen 

a. The tapemen carry the following equipment: 1 steel tape (usually 
100 feet in length), 11 marking pins or arrows, 1 plumb bob, a number 
of nails, a pencil, and a writing pad. The tapemen, before measuring 
the distance to the next station, pick out a point on which to align them- 
selves. The rear tapeman then holds his end of the tape at the last 
station (now marked by the front rodman's rod) and aligns the front 
tapeman up with the selected point. The front tapeman makes certain 
the tape is straight and tight, and then puts a marking pin in the ground 
at the 100-foot mark. He then proceeds toward the next station pulling 
the tape with him until the rear tapeman, who is holding the other end 
of the tape, calls out that he has reached the marking pin. The front 
tapeman then aligns himself with the last marking pin and the front 
rodman's rod and puts down another marking pin. The rear tapeman 
then picks up his marking pin and they both proceed to measure another 
100 feet length. 

6. Transit stations are located at even tape lengths, when convenient, 
in order to simplify the work of the computer. They are selected at 
points affording not only an unobstructed view back to the transit but 
also a clear view forward to the next station. Each station is marked 
as described in paragraph 92d. One tapeman then goes ahead to locate 
the next station while the other tapeman stays by the station^ just " 
measured until the front rodman has arrived and located it. ^ ^ ^ 

c. In locating transit stations the tapemen must bear in mind that it 
is desirable for the instrumentman to be able to see the lower part of 
the rod when sighting. This is especially important on short sights, for 
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errors due to sighting the upper part of a rod which is out of plumb may 
appreciably affect the accuracy of the line. 

d. Before beginning a measurement, the front tapcman checks his 
marking pins and makes certain he has ten; the eleventh pin occupies 
the last station. At the end of the measured line, he counts the number 
of pins he has left and subtracts from 10. He then checks with the rear 
rodman who should have the difference, one pin being always in the 
ground. This double check may appear unnecessary, but errors of 100 
feet in measured distances due to careless checking of pins are not un- 
common. If the front and rear tapemen do not agree on the measured 
distance, it is remeasured. 

e. When the ground has a decided slope, it is necessary that one end 
of the tape be held above the ground in order that the tape is horizontal. 
A plumb bob is used to refer the elevated end to a point on the ground. 
Very steep slopes require "breaking" the tape. 

/. Errors in measuring are generally due to failure to keep the tape 
horizontal and to careless plumbing. Tapemen must understand that 
the accuracy of the traverse depends on their work just as much as on 
the instrument work. 



Section IV. TRANSIT TRAVERSE PROCEDURE 



98. Initial data required 

a. General. Before beginning the computation of a transit traverse 
it is necessary that certain information be available. Generally, this 
consists of the coordinates of some station on the traverse and the 
azimuth of a line from some station on the traverse. When using mili- 
tary grid coordinates, it is also necessary to know the latitude and 
longitude of a midpoint of the traverse in order to determine the cor- 
rection for magnification of scale if a very precise survey is being made. 
The starting point and the route of the traverse are often influenced by 
the required information. 

b. Coordinates. The military grid coordinates of some prominent 
point in the vicinity are frequently available. Lacking such data, the 
grid coordinates of some known point established by some higher head- 
quarters or the Corps of Engineers are usually available. These data 
should be supplied by the staffs of higher commands. In cases where 
coordination with other artillery units dictates the use of local plane 
coordinates, the coordinates are obtained from the reconnaissance 
officer of the other unit. 
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c. Azimuth. When two intervisible known points or triangulation 
stations have military grid coordinates or latitude and longitude known, 
the military grid azimuth from one of these stations to the other can be 
computed. This obviates an astronomical determination of azimuth. 
If two intervisible stations, whose local plane coordinates are known, are 
available, the grid azimuth (local plane) can be computed. Lacking 
conditions where two known intervisible stations are available, military 
grid azimuth or local plane grid azimuth is determined astronomically. 

99. Measurement of angles 

a. The standard method of measuring the angles in a transit traverse 
is the deflection angle method. In this method deflection angles be- 
tween the lines of the traverse are measured instead of direct angles^ 
The method of measuring deflection angles may be understood by refer- 
ring to figure 62. 

6. In figure 62, A, B, and C represent stations 1, 2, and 3, respec-, 
tively, of a transit traverse. The deflection angle between the line AB 
(station 1 to 2) and line BC (station 2 to 3) is the angle PBC\ that is 
the angle between AB prolonged and BC. This also represents the dif- 
ference between the azimuth AB and BC. The direct angle between 
AB and BC is the angle ABC, which is the supplement of the deflection 
angle. The method of measuring this deflection angle is as follows and 
is the procedure at each station: _ - 

(1) Set up and level the transit over station B. 

(2) Set the A vernier to read zero. Invert or plunge the telescope 
and, using the lower motion turn the telescope to sight on the preceding 
station A. 

.^(3) Plunge the telescope to the normal position and note whether the 
next station is to the right or left of sight. Then, vv vg f ]u2JUfip^i=-^H^ n/L^ 

only rl^vo^t t^lnr-.^j II 11 ■ U, .u l .iliuii C aud iLLUiJ ilic rcadljig 

of vpninr ,4 If the staUon is on the right, the deflection angle is plus, 
if on the left it is minus. This is entered in the notes as well as shown 
on the sketch of the traverse kept by the recorder. 

(4) Leaving the upper motion clamped, loosen the lower motion, and 
turn the telescope to sight again on the preceding station A, using the 
lower motion only, and clamp. 

(5) Loosen the upper motion, plunge the telescope and direct it on 
the forward station C, using the upper motion only. Read and record 
Vernier ^. This completes the measurement of the deflection angle, 
giving two readings, one read with the telescope direct and the other 
^vith the telescope reversed. The last reading, divided by two, is the 
angle used and should check the first reading within 1 minute if the 
transit is in good adjustment. IMore accurate results can -be secured 
by repetition of this operation, making six measurements of the deflec- 
tion angle, three with the transit erect on the backsiglit and three with 
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the transit reversed. Dividing the last reading by six should give an 
average angle that is accurate to % minute. 

(6) At the initial station of the traverse, or wherever the orienting 
line is to be obtained, the deflection angle between the forward station 
and the orienting line is measured. 



D P C 




A 

Figure 62. Diagram of angle. 
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(7) If, when the transit was set up at B (fig. 62) and pointed at A, 
the vernier A reading was zero, and after the telescope has been plunged 
and pointed on C the same vernier read 15°, the deficction angle PBC 
should then be an angle of + 15°. If the azimuth of AB was 5°, the 
azimuth of BC (C being to the right of BP) should be 5° + 15° = 20°. 

(8) If station number 3 was D instead of C and the angle DBF was 
15°, the second vernier reading would have been — 15°, and the azimuth 
of BD would be 5° —15° = 350°. 

c. Assuming that the orienting line has been established at station 1, 
the instrumentman sets his transit up over station 1 and measures the 
deflection angle between the orienting point and station 2. This opera- 
tion establishes the azimuth of the leg from station 1 to station 2. He 
proceeds to station 2 and measures the deflection angle between the 
line from station 1 to station 2, prolonged and station 2 to station 3, etc. 

d. Another method of measuring the angles in a transit traverse is 
that of direct angle measurements. This method consists simply in 
measuring the angle in a clockwise direction at each station directly 
from a backsight on the preceding station to the station ahead. If 
desired the angle may be doubled, or repeated any number of times. It 
is customary to measure the angle by repetition when accurate work is 
desired. Care must be taken not to read the wrong angle as is easily 
possible in such a case as station C, in figure 63. However, by always 
rneasuring the angle in a clockwise direction, mistakes are obviated. In 
this figure, let A represent a triangulation station and D a directing 
point (DP) at the gun position whose position is to be determined. The 
transit is set up at A, the angle to AB from some reference line of known 
azimuth is read, and 'the distance to station B is determined by tape 
measurement and checked by stadia. The transit is taken to B and the 
interior angle between the courses AB and BC is measured and the dis- 
tance to C is determined. C is occupied in a similar manner. To check 
the work, the traverse is made to close by returning to the starting point, 
^, by another route, which in this case includes one additional station, 
station E. Method of procedure at each station: 

(1) Set up and level the transit over the stake marking the station. 

(2) Using the upper motion, clamp vernier A to 0°. 

(3) With the telescope in tlie direct position, direct the line of sight 
on the preceding station with the lower motion, using the lower slow 
motion screw to make precise setting, and clamp. At the first station 
it is necessary to measure the angle between the line to the forward 
station and a line whose azimuth is known in order to secure the data 
for computing the azimuths of the courses of the traverse. 

(4) If using stadia, read and record the intercept on the rod and the 
corresponding vertical angle. 

(5) Loosen the upper motion and direct the telescope on the forward 
station with the upper slow motion, and clamp. 
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(6) Read and record vernier A. In very accurate work, the angle 
must be measured by repetition; that is, the angle is measured several 
times and the mean of the readings used. 

(7) Read and record stadia intercept and vertical angle to the for- 
ward station. 

100. Measurement of distances 

a. The distance between points on the traverse is measured in two 
ways; by use of the steel tape as described in paragraphs 51 and 52, or 
by stadia. It is suggested that a combination of both methods be used, 
the stadia distance being used only as a check on the distance measured 
with the tape. This sometimes prevents the intreduction of a larger 
error in chaining into the traverse calculations. 

b. If distances are being measured by stadia only, the instrumentman 
and recorder must bear in mind that on slopes the vertical angles must 
be read and stadia distances converted to horizontal distances by the 
use of table VI, TM 5-236. 



Section V. FIELD NOTES 



101. General - 

There are several different recognized methods of keeping field notes 
for transit traverse. Any system that is easily kept and easily read is 
satisfactory, but the best form of field notes is a combination of the 
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Figure 63. Direct angle traverse. 
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tabular and the sketch book type of notes. In this system the ordinary 
field notebook is used. One page of the book is used to keep the notes 
in a tabular form as shown in the following paragraph, the page directly 
opposite in the notebook is used to make a simple field sketch of the 
transit traverse as it progresses. In this way a check is made of the 
note keeping and the making of large mistakes is prevented. 

102. Example of field notes 

a. Traverse from No. 7 to gun directing point {DP^ military grid 
coordinates of No. 7: X = . 675,578.0 

Y = 1,580,779.5 Zone "A" 
, Latitude 37° OO'isl. Longitude 76° 18' 24" W. 



Station 
(1) 



Distance 
(2) 



Reading 
Vernier A 
(3) 



Deflection 
Anple 
(4) 



Azimuth No. 7 to Station 1, computed 
from observation 



Grid Azimiitli 
(5) 



115 24 



Remarks 
(6) 



1,200 ft. 



1,900 ft. 



2,250 ft. 



1,500 ft. 



00 
41 45 
83 30 



00 
45 43 
91 26 



00 
17 20 
34 40 



00 
11 35 
23 10 



•1 45 



73 39 
73 40 



(Adj. Brg.) 



+45 43 



119 22 
119 24 



Magnetic 
bearing 
S 54° 45' E 
(Adj. Brg.) 



+ 17 20 



136 42 
136 45 



(Adj. Brg.) 



+ 11 35 



148 17 
148 21 



(Adj. Brg.) 



Azimuth Sta. 4 to Sta. 5, computed from 
observation 



148 21 



DP 



23 ft. 



00 
■ 5 00 
10 00 



— 5 00 



143 21 



Note: No. 7 is backsight for station 1. Distance No. 7 to Station 1 is 870 ft. 
^'oresight from station 5 was taken on the gun directing point (DP). Adj. Brg. means 
'^cljusted bearing. 

(The field sketch for this traverse is shown in fig. 64.) 

b. Column (1) contains the number of the station occupied. Column 
(2) contains the distance from the station occupied, to the next station. 
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NO. 7 




-5»oo'ocr\ 

Figure 64- Field sketch of traverse. 



For example, distance station 1 to station 2 is 1,200 feet measured by 
tape and checked by stadia. Column (3) contains the reading of A 
vernier. The first number is zero, the original setting before the angle 
is measured. The second number ;s the first reading of the vernier, the 
transit being in the direct position. The third number is the second 
reading of the vernier, the transit being in the reversed position. Col- 
umn (4) contains the deflection angle which is the average of the two 
deflection angles measured. This average is secured by dividing the 
third number (3) by two. The proper sign is- given this angle; plus 
is the angle measured to the right, minus ( — ) is measured to the 
left. Column (5) contains the calculated grid azimuth. The number 
at the top of the column is the grid azimuth from No. 7 to station 1, 
.computed from astronomical observation. The upper line opposite each 
station is the unadjusted azimuth and the lower line is the adjusted 
azimuth. The unadjusted azimuth is determined by applying the de- 
flection angle with its proper sign to the azimuth of the last station. 
The adjusted azimuth is obtained in the manner explained in the para- 
graph 104. Column (6) is for remarks. A careful reading of the 
transit compass needle should be made at frequent intervals and re- 
corded opposite the proper station in this column. This will serve as an 
approximate check on the azimuths of column (5), 
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Section VI. COMPUTATION OF TRANSIT TRAVERSE 



103. General 

In the computation of a traverse, it is sufficiently accurate for orien- 
tation of mobile batteries to use the adjusted value of the azimuths to 
the nearest minute, and to use five-place logarithms or natural func- 
tions. Any error thus introduced will be compensating, and the com- 
putation is facilitated. The adjustments may be smaller than 1 minute, 
in which case the adjustment only serves to indicate whether to use 
the next higher or next lower minute. In cases where the result be- 
comes exactly 30" the angle is selected to the nearest even minute; for 
example, 27' 30" is used as 28', while 28' 30" is also used as 28'. This 
serves to distribute any accumulated error that might develop by another 
method. It must be kept in mind that for a more precise traverse all 
angles are measured by repetition, and the angles and adjustments arc 
carried to seconds. Such precision entails a greater expenditure of time 
and effort and is usually unwarranted for the orientation of a mobile 
battery and so is not advocated in this manual. 

104. Proportioning azimuth errors 

In the example of a transit traverse in paragraph 102, it was assumed, 
that an astronomical observation for azimuth was taken at each end 
of the traverse for which the field notes are shown. The total adjust- 
ment is divided equally between the angles measured. 

Unadjusted azimuth, station 4 to 5 

Observed azimuth, station 4 to 5 ^'^^ 
>, Error ^ 
I'irror per station (four) ^ 
In this' case the adjustment is made by adding 1' to the azimuth of 
station 1 to 2, 2' to the azimuth of station 2 to 3, 3' to the azimuth of 
station 3 to 4, and 4' to the azimuth of station 4 to 5. The adjusted 
azimuth is placed immediately below the unadjusted azimuth in Column 
(5) and is to be used in the computation of coordinates. In a normal 
battalion traverse of about 16 stations, the error of closure should not 
exceed 4'. In a traverse of 10 stations the error is divided by 10 and 
each angle is adjusted 1/10 of the total error. 

105. Calculation pf bearing (/?) 

In the computation of the Ax and Ay increments, the measured station 
to-station distance is the hypotenuse of a right triangle the legs of which 
are the desired Ax and Ay values; the angle used in solving each right 
triangle to obtain the Ax and Ay increments for each successive station 
must be the azimuth itself in quadrant 1 (see fig. 65), 180° — azimuth 
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in quadrant 2, azimuth — 180° in quadrant 3 and 360° — azimuth in 
quadrant 4. It is obvious from the sketch that the resultant value is 
the bearing angle yS, either east of west of north, or east or west of south. 

4 

106. Calculation of aX and aY 

a. By referring to figure 65, which is merely a handy diagram for 
showing the algebraic value of Ax and Ay, the sign of Ax and Ay may 
be determined. 

b. Take the first traverse line in the transit traverse, used as an ex- 
ample in the previous paragraphs. This line has an azimuth of 115° 
24' and a length (D) of 870 feet. Figure 65 shows that the azimuth 
115° 24', is in the second quadrant and that Ax is EAST, while Ay is 
SOUTH in this quadrant. The quotfion jti thic qim>lrnnt ohowa t hat 

+AX = D sin B 
— Ay = D cos B 

(1) Using the value 180° 00' —115° 24' or 64° 36' for the v-ahie of 
j3 as directed above: 

4-Ax = 870 sin 64° 36' = 785.9 
—Ay = «70 cos 64° 36' 373.2 



0* 




0" 



S 

Figure 65. and \y diagram for solution of IramnL traverse. 
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(2) The value for ^.x is entered in a column marked EAST and the 
value for A?/ is entered in a column marked SOUTH. 

(3) Each line of the traverse is calculated and the resultant Ax and 
A?/ is entered into the proper column, 

c. The use of five-place trigonometric functions is sufficiently accurate 
for computation of a transit traverse. 

107. Error of closure 

In order to determine the Ax and A?/ errors it is necessary that the 
traverse either close on itself or close on a point whose coordinates are 
kn own. The error can then be determined. If the traverse closes on 
itself the sum of the values and likewise of the A?/ values must equal 
zero. If closure is made on a point whose coordinates are known, the 
difference between the krfown coordinates and the computed coordinates 
is the error of closure. The error of closure having been determined, 
unless there is good reason to the contrary, the error o\ closure in Aa* is 
distributed among the individual measurements in the proportion of their 
value to the Ao; of the traverse. The same type of distribution is made 
for the A?y error of closure. 



Section VII. TRAVERSE TABLES 



108. General 

,j,A traverse may be solved by plane trigonometry as shown in the pre- 
vious example, by traverse tables, or by construction. Traverse tables 
are available in TM 1-208, or 4-238. Traverse tables provide an ex- 
peditious method of solving a traverse distance to determine the latitude 
and departure or A 7 and AX distance. Traverse tables are made up 
in pages of bearings for each degree from V to 89°. To compute the 
latitude and departure for a given distance and bearing, the page of 
traverse tables having a bearing corresponding to the bearing of the 
traverse line, is used. The measured distance is then located on the 
page, and the latitude and departure is listed alongside the distance. A 
bearing of degrees and minutes requires interpolation between pages for 
solution. 

109. Example 

Assume that the first leg of the traverse shown in paragraph 102 is to 
be solved by means of a traverse table in TAI 1-208. The given bearing 
is S 64° 36' E and the distance is 870 feet. Turn to the traverse tables 
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corresponding to 64° (p. 132, TM 1-208). The distances listed are 
only from 1 to 600; therefore, 870 will be the sum of 600 and 270. For 
bearing 64° 

Departure for distance 600 = 539.3 
Departure for distance 270 = 242.7 

Departure for distance 870 = 782.0 

Latitude for distance . 600 = 263.0 
Latitude for distance 270 = 118.4 

Latitude for distance 870 = 381.4 

For bearing 65° 

Departure for distance 600 = 543.8 
Departure for distance 270 = 244.7 

Departure for distance 870 = 788.5 

Latitude for distance 600 = 253.6 
. Latitude for distance 270 = 114.1 

Latitude for distance 870 = 367.7 
For bearing 64° 36' 

Departure = 0.6 X (788.5 —782.0) + 782.0 = 785.9 
Latitude = 381.4 —0.6 (381.4 —367.7) = 373.2 
Since the bearing was S 64° 36' E the departure is 785.9 East and lati- 
tude 373.2 South which was the same as results by trigonometric calcu- 
lation. 
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CHAPTER 7 



METHODS OF DETERMINING POSITION- 
INTERSECTION 



Section 1. GENERAL 

110. Definition 

Intersection is a simple form of triangulation used to locate an un- 
known, unoccupied point, from two or more known points. It gets its 
name from the intersection, at the unoccupied point, of the lines of 
sight from known points. The intersection may be calculated trigono- 
metrically with data secured by use of the transit, or graphically with 
the plane table. It can also be solved graphically on a plotting board 
with the data secured by the transit. Solving the problem mathematic- 
ally resolves itself into the solving of an oblique plane triangle having 
two known angles and the included side. 

111. Use 

Intersection is commonly employed in running a traverse either by 
transit or plane table, or to locate an auxiliary point off the traverse 
without the necessity of measuring the distance to it. It is frequently 
an advantageous way to save time or to locate an inaccessible point. 

112. Base line 

The accuracy with which a point may be located by intersection de- 
pends upon the precision of measurement of the base line, the effective 
length of the base line, and the precision of the measurement of the two 
angles. For artillery purposes the base line must be of such length that 
the angle subtended by it at the unknown point is not less than 10 de- 
grees.' Obviously the nearer the subtended angle is to 90° the more 
accurate the results. When locating a point off of a traverse, one of the 
traverse lines is frequently used as the base line, the angles to the un- 
' known point being measured from each end of the traverse line. For 
all practical purposes the ordinary accuracy with which the traverse 
lines are measured will suffjce for any intersections made off the traverse 
line. For very accurate results the base line is measured with all 
precision and care possible, and the angles measured by "repetition." 
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Section II. FIELD WORK AND FIELD NOTES 



113. Field work 

The field work necessary in locating a point by intersection is very 
simple, comprising the measurement of the angles from the known 
points to the point to be located, and the determination of the distance 
between the two points occupied. The measuring of the angles has been 
described previously. The distance between the two occupied points is 
usually measured when running the traverse itself, or can be measured 
by tape or stadia. 

a. To provide a check against the calculation and the plotting, and 
also against a faulty identification of the object sighted upon, it is 
always well to make an intersection with three rays instead of two. 
That is, intersection angles are read from three known stations to the 
unknown station. The directions from at least two of the stations 
should, if practicable, form a large angle of intersection at the point to 
be located. 

b. In selecting the points to be occupied the instrumcntman pays 
particular attention to the proper proportion of the angle subtended at 
the unknown point, P. He selects the points on the traverse that will 
make both measured angles approximately 45° and of such value as 
make the angle at the unknown point as close to 90° as possible. He 
tries to pick out points that give a clear, unobstructed view of the point, 
P, and if possible, intervisible points. 

c. If it is not possible to measure the angles from each end of a trav- 
erse line, the angles may be measured from any angle point in the 
traverse. This condition is called a "broken" base line and necessitates 
more calculation to establish the coordinates of the unknown point. 
There is also more chance for angular error as more angle points are 
brought into the calculations. An example of intersection using a 
broken base line is given in section III. 

114. Field notes 

The field notes necessary in an intersection problem comprise a tabu- 
lated form showing the series of measurements of the angles with the 
final result, together with a fairly accurate sketch. The sketch show.s 
the location of the stations on the base line and the unknown point, P, 
and it is well to sketch in the value of the measured angles. This pro- 
cedure is of great value in computing the coordinates of point, P, if the 
tabulation is not clear to the calculator. 
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Section III. MATHEMATICAL SOLUTIONS 



115. Solution of problem— Azimuth and length of 
base line known 

a. Here are given the calculations performed in establishing the co- 
ordinates of an unknown point, P, by means of angles measured to P 
from the two ends of a base line (the two, ends being intervisible, the 
coordinates known, and the azimuth and length of the base line also 
being known). This is the simplest type of intersection problem and 
one widely used in locating the directing points of gun batteries. 

b. Given the coordinates of two known points: 

X Y 
677,976.1 1,580,907,0 
678,074.6 1,580,951.5 
Length A to B = 108.07 yards 
Longitude 76° 18.4' AV. (Ft. Monroe, Va.) 
The transit was set up at A and B and the following angles were meas- 
ured by repetition to point P whose coordinates were unknown: 
Angle BAP = 40° 20' 00" 
Angle ABP = 50° 10' 00" 
Required: The coordinates of P. 

First step: Since azimuth of base line ^ to is 65° 43' bearing of 
line yi to P is 65° 43' —40° 20' = 25° 23' and bearing of line to P is 
(65° 43' + 180°) + 50° 10' = 295° 53'. Then angle APB, the angle 
at the unknown point, P, is 180° —(40° 20' + 50° 10') = 89° 30'. 

GRID NORTH 



A 
B 

Latitude 37° N. 
Azimuth AB 65° 43' 




Length 108.07 yds. 



Figure 66. Typical intersection problem 
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.L cagtli of line A to P io, by tho law of nines 

distance AB , , ^ — , . „„ 
in angle ABF 



AP 



BP = 



sin anglg, 

^"length of line to P is 

distance AB ^ , . i r, ^ 71 
sin angle ^^ P X sin angle /i^P 



By logarithms: 



Distance A to P: 
Log A-B 
Log sin APB 

Log sin ABP 
Log A-P 
A-P 
Distance B to P: 
Log A-B 
Log sin ^PZ? 

Log sin BAP 
Log i?-P 

B-P . 



= 2.03371 
= 9.99998 
2.03373 
= 9.88531 
= L91904 



= 2.03371 
= 9.99998 
2.03373 
= 9.81106 
= 1.84479 



82.99 yards 



= 69.95 yards 

Second step: The azimuth of line A to P is 25° 23', length 82.99 
yards. Next we must calculate the Ax and Ay of point P from point A. 
The bearing B of line ^ to P being in the first quadrant is N 25° 23' E. 
Solving for Ax and Ay we have — 

Ax point P = distance A-P X sin 25° 23' and Ay of point P = dis- 
tance A-P X cos 25° 23'. 
By logarithms: 



Log A-P 




1.91904 


Log sin B 




9.63213 


Log Ax 




1.55117 


Ax 






Log A-P 




1.91904 


Log cos B 




9.95591 


Log Ay 




1.87495 


Ay 







35.58 yards 



74.98 yards 

Ay must be corrected for magnification of scale. For a latitude of 37° 
and longitude of 76° 18' 24", this correction is (from table XLIX, TM 
5-236) 1.068 yards per thousand. 

Correction y = .075 X 1-068 == .08 of a yard. Corrected y = 74.98 
+ .08 = 75.06 yards. 

Third step: We now have the Ax and Ay of point P from point A. 
To establish the coordinates of point P, inasmuch as the bearing to point 
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P is in the first quadrant, we add these values, Ax and Ay, to the coordi- 
nates of point A. 

X Y 
Coordinates of point A 677,976.1 1,580,907.0 
Ax and Ay of point P 35.58 75.06 

Coordinates of point P 678,011. 68~ 1,580,982.06 
In order to check the coordinates of point P and the calculations used 
in establishing the coordinates, we can perform the same calculations 
from point B. 

The azimuth of point P from point B is 295° 53'. The bearing, B, 
then is 360° —295° 53"= 64° 07' and being in the fourth quadrant 
is N 64° 07' W. 

Solving for the Ax and Ay of the point P from point B we have: 
Ax of point P = distance B-P X sin 
Ay of point P = distance B-P X cos B 

By logarithms: 



Log B-P 


= 1.84479 


Log sin B 


= 9.95409 


Log Ax 


= 1.79888 


Ax 




Log B-P 


= 1.84479 


Log cos B 


= 9.64002 


Log Ay 


= 1.48481 


Ay 





62.93 yards 



30.54 yards 

As before. Ay must be corrected for magnification of scale. The cor- 
rection is 1.068 yards per thousand. 

Correction Ay = .030 X 1-068 = .03 of a yard. 
%. Ay = 30.54 

Correction Ay = .03 

Corrected Ay = 30.57 yards 
We have now the Ax and Ay of point P from point B. To establish 
the coordinates of point P, inasmuch as bearing 7? to P is in the fourth 
quadrant, we subtract the Ax from coordinates of point B and add the 
Ay (corrected) to coordinates of point B. 

X ' Y 

Point 678,074.60 1,580,951.5 

Ax and Ay of point P —62.93 +30-57 

678,011.67 1,580,982.07 

116. Solution of problem— coordinates of base 
line known 

a. Another type of intersection met with in the field is quite similar 
to the first problem calculated above. Here only the coordinates of the 
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two known points are given. The two points arc intervisiblc and arc 
at each end of a traverse line. Below is given the computation solving 
a problem of this type. 
b. Given: The coordinates of two known points: 

X Y 
A 1,437,896 1,585,450.0 

B 1,438,669.0 1,585,666.0 

Latitude 37° 00' N. Longitude 76° 30' W. Zone B. 
A transit was set up at A and B and the following angles were meas- 
ured by repetition on to point P whose position was desired: 
Angle BAP = 66° 15' 30" 
Angle ABP = 67° 28' 00" 
Required: The coordinates of P. 

First step: Determine azimuth and length of line AB. 

X Y 
A 1,437,896.0 1,585,450.0 

B 1,438,669.0 1,585,666.0 

Ax = 773.0 Ay == 216.0 (uncorrected) 
Correction for magnification of scale for point at latitude 37° north 
and longitude 76° 30' west is from table XLIX TM 5-236, 1.967 yards 
per thousand yards. 1.967 X -216 = .42, or .4 yards. 

Therefore Ay corrected = Ay = 216.0 
— Correction = • .4 

Corrected Ay = 215.6 yard 

Tangent bearing of AB =— ^ = -kt^ 

Ay 215.6 

Log 773.0 = 2.88818 

Log 215.6 = 2.33365 

Log tangent bearing = .55453 

Bearing AB = 74°' 24' 56" East of North 

Grid azimuth of AB = 74° 24' 56" 

AB = A:c/sine bearing = 

Log Ax = 2.88818 

Log sin 74° 24' 56" = 9.98373 —10 

Log AB = 2.90445 [AB = 802.50) 
Second step: Solution by way of side AP. 

By law of sines ^P/sin B = AB/^m P, or AP = AB X sin B/sin P. 
Solving for AP: The solution for this problem is the same as for the 
previous problem in paragraph 115 from this point on. 

117. Solution — ''Broken'' base line 

a. A third and a more unusual problem is sometimes encountered in 
rough or broken country in which the imknown point, P, can be seen 
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Figure 67. Intersection as part of a traverse. 

only from two points that are not intervisiblc but are part of the same 
traverse. Figure 68 shows the field sketch giving the data measured 
and calculated in a problem of this type. 

b. (1) This problem is called intersection by means of a "broken" 
base line and is quite similar to the other two problems, the only differ- 
ence is that the two angles are measured from points that are not visible 
from each other in the traverse, as shown in figure 68. Angle PBC is 
measured from C to P with transit at B, and angle PED is measured 
from P to D witli transit at E. ' 

Since the bearings of the lines in the traverse are known or can be 
calculated from their coordinates, the bearings of the two lines B to P 
and E to P, can be calculated. 

(2) The next step is that of calculating the length and bearing of a 



GRID NORTH 




Figure 68. Broken bane line. 

101 



line connecting point B to point E. This is done as in example in para- 
graph 115 from their coordinates. AVith the bearing oi B to E known 
and the bearings of the two lines B to P and E to P known, the two 
included angles PBE and PEB, can be secured by subtraction of the 
bearings of the calculated line from the bearings of the two lines to 
point P. 

(3) From this point the problem is the same as problem in paragraph 
115, the solving of an oblique plane triangle with the two angles and 
the included line (calculated) given. 



Section IV. GRAPHICAL SOLUTION OF 
TRANSIT INTERSECTION 

118. Plotting board solution 

In locating the unknown point, P, by means of angles measured with 
a transit it is sometimes desired to locate point P only approximately. 
This is done by means of a plotting board and protractor. On a plot- 
ting board, using coordinate paper, line ^ to is laid off to scale. 
Using a protractor, the angle ABP is laid off from point A and a line of 
indefinite length drawn ou^ from point A. The angle ABP is then laid 



PLOTTING BOARD . GriO mortH- 




Figure GO. Graphical intersection. 



102 



off from point B and a line drawn from that point to the intersection of 
the line from point A. This intersection is the desired point P. The 
coordinates can be scaled or read off the plot, the bearings of lines ^4 to P 
and B to P can be read with the protractor and distances A to P and 
B to P scaled off with a scale. (See fig. 69 for graphical solution of 
problem in par. 115.) 



103 



CHAPTER 8 



METHODS OF DETERMINING POSITION- 
RESECTION 



Section 1. GENERAL 

119. General 

0. Resection is a method that may be used for determining the loca- 
tion of a point from which three known points can be seen. It has the 
advantage of requiring only one set-up and that is at the point whose 
location is desired. It is occasionally used to locate a point from which 
to start a traverse. Because of the nature of an observation post, it 
often affords a convenient way of locating such a post. Its use in locat- 
ing a gun position is seldom practicable unless it is used to locate a 
starting point for the traverse which is surveyed to locate the gun posi- 
tion, as the gun position is usually hidden from sight. 

6. Resection is the reverse of intersection. While in intersection it 
is necessary to occupy at least two known points and sight on the un- 
known point w^hich is not occupied, in resection the unknown point 
itself is the only point occupied, sights usually being taken on three 
known points, from which the name "three-point problem" is derived. 

c. Resection can be used advantageously to determine the grid coordi- 
nates of a point to be used as a starting point for a traverse, when the 
known points or bench marks are at a considerable distance from the 
projected traverse or the known points are inaccessible. Under such 
conditions, it might be possible to apportion the work of orientation so 
that one party can conduct the resection problem at the same time as 
the traverse is being performed by another party. 

d. Resection can be performed by use of the plane table and graphical 
methods, but it is inadvisable for artillery fire to be based on sucli 
methods, unless the time permitted is insufficient for "a mathematical 
solution of the resection problem. Graphical methods are useful for a 
quick approximate solution but are normally too inaccurate for use in 
orientation of a gun battery. 

e. The three-point problem may be solved if three well-defined points, 
for which the grid coordinates are known, are visible from the location 
of the point for which grid coordinates are desired, and some means arc 
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provided for measuring the angle between, each of the three points from 
the point selected. 

/. The problem in paragraph 120 illustrates the method of solution. 
This problem is solved by using only basic rules of geometry and trigo- 
nometry and for this reason the reconnaissance officer need remember 
only the basic geometric and trigonometric theorems and formulas and 
not the form of solution or the order of the solution. If the fundamen- 
tals of the problem are remembered, any variations presented in a field 
condition are easily solved without the necessity of using reference books 

standard forms that may not be available when needed. 



120. Problem 

A battalion of AA guns is to be moved into a position very soon. 
The battalion reconnaissance officer has a gridded map and a transit 
available. He decides to run a traverse from some point for which he 
has the grid coordinates to the directing points and observation stations 
of the gun batteries. However, any points on the map for which he 
can obtain grid coordinates are at a considerable distance or inaccessi- 
ble, malting it impossible to run a traverse to a known point in the time 



Section II. SAMPLE PROBLEM 



Point I 

' O 



Point 2 



Point 3 





O 

Observation 
Post 



Figure 70. 
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Point I 



Point 



Point 3 




Observation 
Post 

Figure 71. 

permitted for orientation. After looking over the terrain, he finds that 
there are three points, with known coordinates, visible from one observa- 
tion station. He sets up the transit over this point and measures the 
angles by repetition between the first and second point and the second 
and third point. The map location is as shown in figure 70. Figure 71 
shows the problem presented with the angles measured.^ The problem 
is now solved by using the basic fundamentals of geometry and trig- 

B 
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P 

Figure 12. 



onometry as follows: For convenience, letter the points in any way to 
designate specific points and angles. (See fig. 72.) 
The follpwing data are now known: 



Point 


Grid coordinates 




X 


Y 


A 


702762 


974103 


B 


700811 , 


975476 


C 


698835 


977302 



Angle APB = 47° 48' 40" 
Angle BPC = 42° 55' 10" 

(Approximate latitude 32° 00' N; longitude 91° 45' W; zone C.) 

Describe a circle through points A, C, and P (see fig. 73) and draw a 
straight line from P through B and continue it until it intersects the 
circle. (A rough drawing is sufficient as all measurements are com- 
puted and not scaled.) 

Note: If points A, B, C, and P should fall on the same circle, the solution is 
indeterminate and some other known point should be used instead of either A, B, 
or C. 

D 




P 

Figure 73. 
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Construction lines are drawn to connect all points as shown in fic- 
ure 74. . 

L APE = 47° 48' 40" (measured by transit) 
I BPC = 42° 55' 10" (measured by transit) 
Z APB = L ACD (All angles inscribed in the same segment of a 

circle are equal.) 
Z BPC = L DAC (same as above) 
I. Length and azimuth of BA 



X of A 
X o{ B 

Ax 

y of ^ 

y of B 



= 702762.0 
= 700811.0 



= 1951.0 

= 974103.0 
= 975476.0 

= 1373.0 



D 
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P 

Figure 7 4. 



(Table XLIX, TM 5-236.) 

Mag. correction 

Ay correction 
Corrected Ay 
Log 1951 (Ax) 
Log 1371.9 (Ay) 

Log tan bearing 
bearing 



.685 + .986 



= .835 



.835 X 1.373 = — l.r 
1371.9 

3.29026 

3.13732 (subtract) 



0.15294 
54° 53' 11" 
123" 00' 40" 



BA 

C/^ Log AX 

Log sin 54° 53' 11" 

Log BA 
BA 



(180°— bearing) 
Aa;/sin bearing 
329026 
9.91276 (subt/act) 



3.37750 
2385.1 



IL Length, and azimuth of CA 



\ X 



of A 
of C 

Ay 
of A 
of C 

Ax 




Mag. correction 

Ay correction 
Corrected Ay 
Log 3927 (At. 
Log 3196.3 C/iy) 
Log tan 



CA 
Log aX 
L/g sin 50° 51' 23" 
Log CA 
CJ_ 



.685 + .986 



.835 X 3.199 = —2.7 

3196.3 

3.59406 

3.50465 (subtract) 
0.08941 
50° 51' 23" 
129° 08' 37" 
(180°— bearing) 
Aa;/sin bearing 
3.59406 

9.88962 (subtract) 
3.70444 





IIL Length AD 



Z CDA 
AD 



Log AC 
Log sin 47° 48' 40" 
Log 

Log sin 89° 16' 10" 
Log AD 
AD 



1S0° — (42° 55' 10" + 47° 48' 40") = 89° 16' 10" 

AC sin ACD , . , , 

'■ (sine law) 

sin ADC 

3.70444 

9.86978 



3.57422 

9.99996 (subtract) 

3.57426 
3752.0 
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IV. Angle ADB 
a. L BAD 

Z BAC 



L BAD 
b. Length BD 



= 42° 55' 10"— Z BAC 

= Azimuth CA — Azimuth BA 

= 129" 08' 37" — 125° 06' 49" 

= 4" or 48" 

= 42° 55' 10" —A" 01' 46" = 38° 53' 24" 



'Bd'^AD'^Tb ~2XA5XADX cos bad (cosine law) 
^=(3752.0)2 + (2385.1)^— 2X2385.1 X3752.0X cos 38° 53' 24" 
Log3752.0 = 3.57426 Log2385.1 = 3.37750 Log 2 



2 X 2 2 X 2 

Log AD = 7.14852 Log ~AB = 6.75500 



Log 2385.1 
Log 3752.0 



= 0.30103 
= 3.37750 
= 3.57426 



— = 14,077,400 
AD 



■ = 5,688,500 

AB 



BD 



14,077,400 + 5,688,500—13,930,600 = 5,835,500 



Log cos 38' 53' 24" = 9.89118 
Log = 7.14397 
Value = 13,930,600 



Log 5,836,300 

Log BD 
BD 

c. Sin Z ADB 

Log 2385.1 

Log sin 38° 53' 24" 
Log 

Log 2415.4 
Log sin ADB 
ADB 

V. Length BP 

a. In triangle ADP 



= 6.76606 

-^ 2 



= 3.38303 
= 2415.6 
_ AB sin BAD 
^ BD 
= 3.37750 
= 9.79784 (add) 



(sine law) 



= 3.17534 

= 3.38303 (subtract) 

= 979231 

= 38° 18' 26" 



Z DAP = 180° — (Z ADP + APD) 
= 180° — (Z ADB + APB) 
= 180° — (38° 18' 26" + 47° 48' 40") 
= 93° 52' 54" 

Z BAP = Z DAP—/. BAD 

= 93° 52' 54"— 38° 53' 22" 
= 54° 59' 32" 

BA sin BAP (sine law) 

BP=' 



sin BPA 
Log 2385.1 = 3.37750 
Log sin 54° 59' 32" = 9.91332 

Sum logs 
Log sin 47» 48' 40" 
Log BP 
BP 

Azimuth BP 
Z ABP 



3.29082 

9.86978 (subtract) 
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Azimuth BP 
Bearing BP 



3.42104 
2636.6 

Azimuth BA — / ABP 
1S0° — (Z BAP + /APB) 
180° — (54° 59' 32" + 47° 48' 40") 
77° 11' 48" 

125° 06' 49"— 77° 11' 48" 
47° 55' 01" 
47° 55' 01" (E of N) 



BP pin bearing 



■ Log BP = 3. 
Log cos beariii^;>»-9^620 




A* 

Log BP = 3.42104 
Log sin bearing = 9.87051 
Log aA' = 3.29155 

= 1956.8 
X oiB =700811.0 

X coor. of P = 



The above solution involves only the solution of oblique triangles 
having two sides and one angle or two angles and one side given. The 
geometric principle used is that all angles inscribed in the same segment 
of a circle and subtending the same chord are equal. The remainder 
of the problem is a matter of deduction as to which known parts may 
bo used to solve for the unknown parts. Another approach to the same 
method is given in paragraph 126, TM 5-235. 



Section III. SUMMARY 



121. Comparison of methods 

It has been customary in the past to present the orientation problem 
as a collection of uncoordinated methods, with the result that the 
student arrived at the conclusion that some rule (which he did not 
know) established the method of orientation to be used in the field. 
For example, the methods of traverse, intersection and resection, were 
taken up one by one. The student seldom could see any interrelation 
between the three. Actually, each method has a special advantage over 
the other in some particular way. - If the rcc u midiijioaii t'L! ufficui njah^ud \/a_>-^ 

tho nrlTrnntog-n ^r^^]^ mrtb^'l ^¥^" ^^^^ 1 11' IS, Jlltll- 1 11 WOl'k l() | | 

better n.dv.'^Titngp m tbn fip]rl 

122. Traverse 

Traverse is a slow laborious method requiring the survey party actu- . 
ally to travel and measure the distances over all parts of the traverse. 
In heavily wooded or rough terrain the expenditure of time in making 
a traverse is prohibitive. But, in places where only one point is visible 
or for establishing a base line, or for connecting a local point to a point ; 
of known position the method of traverse is ideal. i 
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123. Intersection 

Intersection is relatively fast but depends on a base line of known 
length. Also, two points must be visible from the instrument. How- 
ever, if a line of known length is available or has been measured by- 
traverse and the other end of this base line is visible, it is possible to 
determine the position of any visible point very quickly from this one 
point. It is possible by this method to determine position of points 
to be used by resection, 

124. Resection 

Resection requires that three points are visible from the occupied 
point and that the position of these points be known. However, if 
three prominent points can be seen and the position of these points are 
known, or have been determined by intersection, then the position of 
any location of the instrument can be determined "by resection. Resec- 
tion enables a reconnaissance officer to determine the position of Oiny 
point from which three known points arc visible without actually trav- 
eling from point to point and without the expenditure of time necessary 
to travel from one point to another. In rough terrain the use of resec- 
tion is invaluable. 

125. Procedure 

Since resection requires fewer men, less time, and is usable in many 
different locations over an area, the reconnaissance officer should try to 
use this method wherever possible. Traverse is then used to establish 
a base line, so that intersection can be used to establish known points 
for use by resection methods. Traverse may then be used to determine 
position of local points around the known points already established. 
The interrelation of the three methods allows one method to be used to 
lead to a faster and better method. 
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CHAPTER 9 



VERTICAL CONTROL 



Section I. GENERAL 

126. General 

The principles governing linear measurements have been discussed 
^vith particular reference to horizontal distance. In certain instances, 
mainly when given a field artillery mission, the antiaircraft artillery 
officer is concerned with the difference in altitude between his battery 
and the target and between the different guns in the battery. It is im- 
portant that the reconnaissance officer understand the principles of 
determining vertical distances and altitudes. 

127. Definitions 

a. Leveling. In this discussion leveling is defined as the determi- 
nation of difference in altitude between given points or stations. 

b. Datum plane. An imaginary level surface, all points of which 
are assumed to have an elevation of zero, and to which all elevations 
in a given survey are referred. Mean sea level affords the most con- 
venient datum plane, although an arbitrary datum plane may be as- 
sumed. The distinction between a horizontal surface and a level surface 
niust be kept in mind. It is readily seen that, due to the curvature of 
tlie earth, the level surface of the mean sea level is in reality a curved 
surface. Datum level and datum, plane are synonymous terms. 

c. Elevation or altitude. The distance of a given point or station 
above or below the datum plane. The term "elevation" is used exclu- 
sively in this discussion. 

d. Plane of sight. The line of sight of a telescope instrument used 
as a level always lies in a horizontal plane of sight no matter in what 
tlirection the telescope may be pointed, provided the instrument is in 
adjustment and properly leveled.' 

e. Bench mark (BM). A fixed point of reference whose elevation 
^ith respect to some assumed datum plane is known. It is used either 
as a starting or closing point for leveling. 

/. Stations (Sta.). Points whose elevations are to be ascertained 
or points that are to be established at a given elevation. It is where 
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the level rod is held and not where the instrument is set up as is the 
case in a transit traverse. 

g. Height op instrument (H.I.). The elevation of the plane of 
sight with respect to the assumed datum. 

h. Backsight (B.S. or + sight). A sight taken on a rod held at a 
point of known elevation to determine the H.I. 

i. Foresight (F.S, or — sight). A sight taken on a rod held at a 
point whose elevation it is desired to ascertain. 

j. Turning point (T.P.). A more or less temporary point, the ele- 
vation of which has been determined, used to hold the elevation while 
the instrument is being moved from one set-up to another. 



Section II. MAP LEVELING 



128. Use 

One of the first things a reconnaissance officer must do when he 
occupies a position to be used for a field artillery mission is to- determine 
the elevation of the directing gun. As a general rule, this is taken di- 
rectly from the battle map. The battle map is constructed with great 
care and shows by means of contours the elevations of all points on the 
terrain. The position of the. station whose elevation is desired is plotted 
on the map. It is then possible by reading the elevation of the nearest 
contour line to determine the elevation of the station within one con- 
tour interval. By interpolating between bracketing contour lines, the 
elevation may be more accurately obtained. In determining elevations 
in this manner, the limits of accuracy of the map must be borne in mind. 
If the contour lines are close together, indicating steep slopes, it is obvi- 
ous that a slight error in plotting the position of the station on the map 
may result in an error in reading its elevation from the map. However, 
the errors inherent in printing contours on a map may cause an appreci- 
able error in their use in this connection. 

129. Accuracy 

The usual contour interval employed on the battle map is 20 feet. 
The elevation of the directing point should be known to within 10 feet. 
It is therefore obvious 'that the artillery officer must exercise due judg- 
ment in reading an elevation from the map. If there is likelihood that 
map leveling may give errors in elevation which are inadmissible in the 
firing data, it is necessary to use a more accurate method. 
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Section III. TRIGONOMETRIC LEVELING 



130. Method 

Trigonometric leveling consists in the determination of the difference 
in elevation between two points by means of the angle measured at one 
of them between the horizontal (or level) line and the other point. This 
method is of frequent application in the topographical operations per- 
taining to the artillery. The shortei the sights, the more accurate are 
the results obtained. 

131. Stadia 

a. In the discussion of stadia measurements it was shown that the 
Vertical distance from the instrument to the point sighted on can be 
obtained if the rod intercept and the vertical angle to the point arc 
known. The vertical distance is computed by means of tables. (See 
table VI, TM 5-236.) 

b. It is necessary to take into consideration the height of the instru- 
fnent above the ground when the elevation of an object on the ground 
is to be determined. If the object is situated at about the same distance 
above the ground as the instrument, this correction need not be made. 
F or long distances it is necessary to make certain corrections for atmos- 
pheric refraction and for curvature of the earth. 

132. Metliod 

a. When the elevation // of the ground at the station A is known 
and the elevation ir of the sighted }ioint is known, let a = the slope 
Jiicasured, positive for an ascending slope and negative for a descend- 
slope. 

D = the horizontal distance AB, 

h = the height of instrument at A above the ground, and 

h' = the height of the sighted point B above the ground. 

Then the formula becomes, with due regard for the sign a 
ir ^ir D tan a + (/i —h') 
Tho quantity (/i — h') becomes zero if the sighted point is exactly the 
Same height above the ground as the sighting instrument. 

h. When the altitude IF of the sighted point is known, and the eleva- 
tion // of the ground at the station is unknown, the elevation of the 
instrument station is found by using the same formula with the signs 
changed. Thus, 

II = ir —D tan a —{h —h') 

133. Example 

a. Assume that it is desired to obtain the elevation of a distant sta- 
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tion, B, from station A. Elevation of A is given as G93.7 feet and from 
the coordmates of the stations the distance, AB, has been computed to 
be 6,795 feet. The mstrument is set up at A and because of trees sta- 
tion B cannot be seen; however the lower limb of a tree alongside it is 
visible This IS measured and is 9.9 feet above B. By sighting on the 
lower hmb of this tree the vertical angle is found to be 4° 36' The 
telescope is 5.2 feet above A. 

b. Our computations are then as follows: 
D tan a 

log 6795 = 3.83219 
+ log tan 4° 36' = 8.90557 

log D tan a = 2.73776 
D tan a = 546.7 = T 
{h~h') 

h = 5.2 feet ! 
h' = 9.9 feet 
h ~h' = 4.7 feet 
Substituting in the formula, we have: 

// = 693.7 -f 546.7 —4.7 = 1235.7 feet = Altitude of "B" 



Section IV. SPIRIT LEVELING 

134. Instruments 

a. Spirit leveling is so called because it makes use of a spirit level 
• attached to a telescope, or other device for defining a line of si'dit to 
make the line of sight level. The term "Differential Leveling" 1h ap- 
plied to the operation of obtaining the difference in elevation between 
two stations by means of a spirit level. 
6. The instruments in general use for spirit leveling are: 

(1) The engineer's complete transit or theodolite 

(2) The Wye Level. 

(3) The Dumpy Level. 

(4) The Hand Level. 

c. Since the engineer's complete transit is the instrument almost ex- 
clusively used by the reconnaissance officer in the field work connected 
w-ith his problems, the discussion applies to it alone, although the theorv 
of spirit leveling applies equally well to the other instruments mentioned. 
135. Theory 

a. There are two steps in leveling for any single set-up: 
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Figure 75. Trigonometric leveling. 



(1) To find how far the pLane of sight is above a point of known 
altitude. Tliis is the backsight rod reading. 

(2) To find how far a given station is below the phane of sight. This 
is the foresight reading. 

6. Tlie repeated appHcations of tliese two steps constitute a "level 
circuit," or "line of levels." 

c. Consider the case shown in figure 76. 

(1) The instrument is set up and carefully leveled as has been previ- 
ously described. Care must be taken to see that the line of sight, when 
level, strikes on the rod held on the B.IVI. In case of doubt this is veri- 
fied by directing the telescope toward the B.M. and centering the tele- 
scope bubble before centering the plate bubbles. A sight through the 
telescope then indicates whether the instrument is too high or too low. 




Figure 76. Spirit leveling. 
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This simple precaution frequently saves much time and annoyance. 

(2) Sight on the level rod held on the B.M. Carefully center the 
telescope bubble and read the rod. 

(3) Verify the centering of the bubble. If it has moved, repeat the 
reading of the rod. 

(4) Record the rod reading and compute the H.I. The rodman now 
goes ahead to the next point, either a station or a T.P. If it is a T.P., 
he must be directed where to set it so that the instrument man can 
read the rod. 

(5) Proceed as before with the telescope sighted on the rod as the 
forward point. 

(6) Record the rod reading and compute the elevation. This com- 
pletes the two steps. The level circuit is continued by a repetition of 
the foregoing. 

d. It is not necessary to have the elevation of the starting point re- 
ferred to sea level datum plane unless the elevation of the station is" 
desired with respect to the same datum plane. For the purpose of 
obtaining difference in elevation only, any datum plane may be assumed 
for the starting point. 

136. Notes 

a. In order to avoid confusion, it is necessary to adopt some suitable 
system of recording the notes. The system may vary for different cases 
but a satisfactory method is shown below, which represents the field 
notes on the level circuit shown in figure 77. 

b. These notes show the method of recording a rod reading on an 
intermediate station as ''A". In some level circuits, as for profile level- 
ing or cross sectioning, the intermediate readings may be more numerous 
than the readings on B.M.s or T.P.s. But ordinarily in differential 
leveling there are very few intermediate readings and these arc taken 
to establish altitudes for possible future reference. Such intermediate 
stations, if they are permanent, then become B.Ms. It is a good plan 
to draw a ring around the most important elevations for convenience 
in picking them out and to distingush them from elevation of T.Ps. 
All bench marks and important stations must be so carefully described 
that they can be found at any time without difficulty. This is an im- 
portant point, frequently neglected. 

137. Level rods 

a. There are two types of leveling rods: 

(1) Target rods, having a sliding target which is set by the rodman 
on signals from the levelman. 

(2) Self-reading or direct reading rods, read directly by the levelman. 

b. The self-reading rod is probably the most popular. However, the 
target rod presents less chance for mistakes and in a circuit of very 
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accurate levels the target is always used. Most direct reading rods are 
also provided with a target. 

138. Error of closure 

As in the case of a transit traverse a circuit or running of levels must 
always be checked either on the starting point or on some other point 
"Whose altitude is known. Errors are to be expected. The error of 
closure of a level circuit run with a transit in good adjustment, with 
careful methods and sights ranging about 200 feet should not exceed E = 
•002 S, where E = error of closure in feet, >S = number of instrument 
set-ups. 

139. Errors 

a. Instrumental errors. These are practically confined to errors 
of adjustments. They may be entirely eliminated by making the 
lengths of backsights and foresights equal. 

h. Mistakes in manipulation. (1) The bubble may be incorrectly 
centered. 

(2) If the observer rests his hands on the tripod he may cause an 
error. 

(3) The leveling rod must be held plumb or perpendicular to the 
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line of sight. When "short rod" is used, the rodman can easily balance 
the rod on the station and hold it steady. When "long rod" is used, or 
for readings over 6 feet it is usually advisable to "wave the rod." The 
rodman stands directly behind the rod, facing the instrument he leans 
the rod, first toward the instrument, then away from it, top describing 
an arc about 0.15 foot long. The instrument man selects the lowest 
reading on the rod. 

(4) Dirt or any accumulation, as of snow or ice on the foot of the 
rod, introduces an error. 

c. Mistakes in reading leveling rod. Misreading 8 for a 9 or vice 
versa, transposing figures, are among the common mistakes. Each ob- 
server must learn his own peculiarities in this respect. 

d. Errors in sighting. Coarseness of the crosswire, graduations of 
the rod or form of the target and the eyesight of the levelman all have 
to do with such an error. In using the transit as a level instrument it 
is a common mistake to use one of the stadia wires for horizontal wire. 
Long sights must be avoided. 250 feet is long enough with the averag;. 
instrument when leveling with a spirit level and reading hundredths of 
feet. 

e. Errors due to change in position of instrument or rod. These 
may be avoided by setting up on firm ground and taking the foresight 
immediately after taking the backsight. Small wooden stakes driven 
diagonally into the ground and using the high corner make satisfactory 
turning points. Loose stones must not be used. Turning points are 
carefully selected with" regard to the next setup. Be careful in walking 
around the instrument not -to jar or disturb it. 

/. Errors due to natural sources. Unequal expansion of different 
parts of the instrument, change of length of level rod, curvature of the 
earth, and refraction of the atmosphere are included under this head. 
They are usually inappreciable and are ignored in ordinary work, but 
are taken into account in precise leveling. 

ATTr^rr t TfTin Tinnnr.r.Ti.Tri ii ijp nn. f pTTrpn^y/^ IHT-ri^op^ l ^ fj^^^yj^ 

cording foresight as backsight or omitting a forceorjjacksight entirely 
are among the common mistakes. A^coii3^enTCnrcheck on the compu- 
tations is obtained by the fo^owtTig'"rule : add all backsights together; 
add all turning point-iergsTghts, including the foresights on the closing 
point, togetherfme difference between these guns should equal the dif- 
ffit crTgcbc tween the eleyations-ef-thtrstarLiiig and~ciosing station s.^ 
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CHAPTER 10 



ELEMENTARY ASTRONOMY 



Section I. THE CELESTIAL SPHERE 
140. General 

Precise determination of azimuth is dependenf upon the relation of 
some celestial body to an observer on the earth. In order to understand 
niethods of azimuth determination, it is necessary to understand some of, 
the more basic theories of astronomy. The study of astronomy is sim- 
plified if apparent motions of celestial bodies are considered rather than 
true motions. For example, it is known that the earth revolves around 
the sun; however, to the observer on the earth, the sun apparently travels 
around the earth. As this apparent movement is witnessed daily the 
student is accustomed to think in terms of the sun moving rather than 
tlie earth. The following paragraphs deal primarily with apparent mo- 
tions of celestial bodies rather than real motions, as direction is the 
result of apparent motion. 

^41. Celestial sphere 

The stars are spaced at varying distances from the earth but the dis- 
tances are so great that they are all considered infinite. Inasmuch as 
the distances are all infinite, the stars are assumed to all be located on 
a sphere of infinite radius with the earth as its center. Since the size 
of the earth is so small as compared to the distance to the sphere, an 
observer any place on the earth may be considered as being at the center 
of the sphere. This sphere is called the "Celestial Sphere." ' 

The observer may visualize this sphere by observing the heavens on 
a clear night. The stars all appear to be at the same distance, or if, as 

the case with some observers, they appear to be at varying distances, 
no idea can be formed of their relative distances. It is easy to imagine 
tlicm all to be placed on the inner surface of an immense sphere— the 
celestial sphere. 

^42. Declination 

Coordinates of some kind are needed so that any point on the celestial 
sphere may be designated accurately in the same manner that points 
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arc designated oti tire carUj by latiludi' iitul lnnp;it\nb. Thr poles (if tlic 
ccJestinl j^pliere are at liiv [)njl(>iii4!itic>n of tlit; pok'tj of tlie eartlj. The 
eelestia.1 equator is formed by L'xtending the plane eniitaining the earth's 
equator until it ^fiikci^ tlic cile.-^li:!! Kph('r<\ Tiie celestial equator is 
tlien a lino of zero dec li nation in ttie snnn; way u» the; earth's equator 
is a line of zero latitude, Deeiination on the celestial sphere correa- 
pond-s to 1 at it tide on the tc?rrc!^tnal :?phere and \< measnird in tln> s;inie 
way, in degrees, mhuitcSj and sceonds of air fiom the e([iiaU)i- to the 
poles. However, declination is not eonsidered as being either a north 
or a south dcelination tis h hditude, Imt a "uortli deelinalimi" is positlvf 
declination and a '*s«uth detdiiiitlitJii" h negative declination, denoted 
by an algebraic sign preceding tfie angle in degrees. Thus the declina- 
tion of tlie star Siiiijs would be writlfii us — Hi" .'iS.-i'. fhowiiig that it 
h in a pot-itiou, correspotiding to a httitude of lii ' ;18J^' simtii on the 
terrestrial sphere. 

143. Rlsht ascensfoti 

Right at^eerision on the n-lestial sphere eorrespnnds to longitude on 
the tern'sfrral -[ihcrc. ].<)riii;it nth' is im-je^ured in either .in eastwartl or 
westwanl diit rnim fniuj the M'vn nii'i'idum t]irutif;li < Jreenwirli i<i ISO" 
in either dircetion. Right asseeiii^ion, hnwvver, U measured from the 
vernal equinox in an eastward flirt'etion nnly. cDinpletely urniind tlie 
sphere. Howevei'. it^strnd (if bein^ lueastireii in degrees it is niear^ured 
in hourf!, minutes :mu1 sreontis of time from to 24 hours, nius a star 
may be designated as havinii a rij^ht aseenf^ioii of 22 liours. ^0 minuter 
tS-iy* 30'), wliercas on the ear!hj ihe longitmie of a point is never more 
tha:i 180° from the Greenwieh Meridian. Right ajieension may he con- 
sidered as a measure of the time elapsed from the time the vernal equi- 




Fiffum 78, DktaaceM of stars. 
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liox passes over the obseiver's jneridiao iinli! (he infttant a certain Aar 
passes over the same meridian. In other wimhI^ a star liaving a right 
asoeoBion of 6 hours, 10 minutes, crosses the observer's meridian 6 hours 
and 10 miniitea nfter tlie \'emai equinox has crossed the some meridian. 

144. Vernal equinox 

The vernal equinox is a fixed point on the celestial sphere and is the 
poiDt on the rrlostiiil equator at which the suii crossei^ the cofestinl 
ecluator on March 2Ist when passing from a minus (soutliern) deehna- 
tion to a plus (northern) declination. The vernal equinox Is indicated 
«"H the eek'stial splierc by a line from thf iiurth colesfiji! pole ahno^t 
]>a.ssing tljrough tiic leading star tBetaJ of the constellation Cassiopeia. 
Tlie mteraection of this line and the celestial equator is the vernal equi- 
nox. 

MttvviiMiits of cetestial sphere 

The earth rotates about its axis, making a eamph te rovnhition in ii 
period of 24 hours. An obsei-ver on the earth is carrittl along in such 
a way that the sun and stars apjwar to pass around the earth. The 
f^elcsstial fiphere is apparently revoiving artnind the earth. The move- 
meut is such that the stars, sun, and moon rise in the cast and set in 
the west. The celestial sphere is assumed to revolve around the earth, 
which 18 considered to be stationary. 



14ft. ObservM'* mnidian 

Tlin observer's mendtan is an imaginary great circle line on the celep- 




Pi^ure 79. Tfut celestial ^plicre. 
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tial sphere made by passing a vertical plane through the observer's posi- 
tion and the n»rt!i and ?nuth celestial poles. This line then passes from 
the nortli oek'stifil pole directly over th(' observer's poKition and on to the 
south celestial pole. The point directly over the observer's poeition is 
kno\\^ &B the obs&rv&^e senith. This point is a point on the observer's 
meridian. 

147. Star idantificmfloti 

a. Star identification may be simplified by visualizing an imaginary 
scale attached to the celestial equator. This scale is divided into 24 
hour units progressing from to 34 hours in an eastward dlrocticm. The 
zero ia placed at the vernal equinox. A star having a right ajscension 
(longitude along the celestial equator) of 12 hours is tb^ somewhere 
along an hour circle line parsing through the north and south celestial 
pole and the 12-hour mark on the imaginary scale. 

b. As the night progre^ee, the imaginan* scale revolves from east to 
west, and stars each having a greater riglif. ascension continue to rise 
above the eastern horizon. By using tlie line from the north celestial 
pole through Beta of Cassiopeia shown in figure 84 as an indicator of 
aero right ascension (this line or hour circle passes througli the vernsd 
equino'x I til*' a]'f>r(ixiitKiff' rt^'fii ;t-rr'nsifin '^f :\ -l;ir' n\-iTti' ;iif mav be 




Figure SO. Mewmremmt of declination on Ike celeHial ^kere* 



estimated by judgmg the angle through which the line has passed smce 
being overhead. An angle of 45' will be ane-riglith of a coiiiplctr circle 
or one-eighth of 24 lionrs or 3 hours. So tJiat if tlic zcni hour circle has 
moved paM, the (.bsiTVL-r".'^ uicridi;!!! bv 45", a star directly overhead wiU 
tiiive a rif^liL ascoiif^iun of 3 hours. Or, the sidereal time (star time) is 
t litis :i hoiiis. si^lcreal time \i= the same as the right ascension of the 
observi'r's meriinan at tliat purlk-iilur instant. The star is located now 
in an east and west dircctioii but its position along this particular hour 
circle in a nortli luitl smiih (MrciMion i.^ unknown. This position may 
bo dctenirined by dct-liuation of tlic ^^tar. A star whose declination is 
+45° will be located half way between the north celestial f>itl*' luul tlic 
celestial ef|iialor .=n if the star PoI;jri^= wliieh is very close to the north 
celestial pole can be seen, an aiiglt" uf 45" may be estimated along the 
hour circle of the star toward the south. The declination ttf the ob- 
server's zenith h always the same as hk latitude so that a point over- 
head (the zenith j of an observer at latitude 30" north will be -fSO*. 
An obser\^er'8 zenith for an observer at the equator will have a declina- 
tion (]f 0°. This then givt-s an nbs^rrver an additional guide as to the 
declination of certain points in tlie ^ky. By the use of this method, any 
first magnitude star may be identified if the right ai*ren.«ion and declina- 
fiori of tlir f-lar are known. A praofical exiini]ile will illustrate the 
tuL'tlioil of identificaUon. Assume the .^tar llcm'b is to be located. 
Deneb has a right ascension of 20 hours .'JO o mini it is wiii< h is nearly 
21/24 of a complete circle or 315" of angle. The angle of M 1) from 




0* or the line through the vernal etjuinox is then 31 5*", Tiie ^aro Jine 
or zero hour circle is located by imagining a line rli-iwn from the north 
celestial pole almost through Beta of Cassio|«'iii ii< sfinwn hi fi!z;urp 86. 

c. After locating this zero hour circle, estimatt! an luii:^ ai 315 ' meas- 
ured in a clockwise direction (opposite to direction of rotation of the 
celestial sphere) as shown in figure 87. The star Dench will he rame- 
where along the hour circle from the norlij ct'le^tiiil pole through the 
315° angle point, 

d. The declinati(tn u( Dmrh is j 45'' 05.0' or very near 45/90 of the 
arc, from the north celt stiiLl to the equator. The 45° distance along 
the 315° hour circle will iikntify the position of Deneb aa Deneb is the 
only bright sfni- in the vicinity. fSce fi^. 88/i 

e. A more c'oni[>]ete method of star identilicaiiou iss preseuted iti chap- 
ter 14. 

£48. Slil«r»al tlmtt 

Sidereal tune or star time is the s?tar time at an observer's position 
or the star time for some chosen position. Every point on an east-west 
line on the earth has a different sidereal time as an observer in one point 
does not s^cc ihc .^inr^i in the same degree of revolution as an obser\'er 
eitJier cast or west of his position. Therefore, the sidereal time for a 
given position is the sidereal time indicated by the hour circle passing 
thtvMii^h thi Kcnith of that position. Using the same imaginary scalf, 
''^ '!ir> cfOrstial equatorj as was assumed in paragraph 147, 
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FiQute 83, Vernal e^dnox as viete jrom the eartft. 



visualize this scale as moving with the celestial sphere. The zero of 
this scalf ifi at tlic %-C'nitt] equinox (zn-n riulit ascension point). Now 
we will fasten a fixcci gcalt' uti tlic out^ult- oi the celestial sphere so that 
the zero of this fixed scaJi- will bi- on the observer's meridian as shown 
in fif(un> 89. Now as the celestial sphciv rot airs, tin- movable scale will 
move witlj it from cast to west but I lie fixed srale will riisiain stationary 
with its zero on the observer's meridian. Tlir Hxcfi ^mlr is also divided 
into 24-huvi- rlivisions but in the nppofsite diroction. As the movable 
scale progresses with the celestial sj>here the sidereal time will constantly 
be mdicated at tlie aero of the fixed scale as shown in figure fiO, In 
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Fiffum intoffinm/ atlacked to the crM,! . ,^ator (a. ^cm in norlh.n. 

Other wordB the mdercal time on tiie observer's meridiau iUc s^uuc 
numerically as the right ascension oi a star on the observers meruimn. 

140. Hour anste 

The hour angle of a 9lnr is a requisite for the Bohition of observation 
for aahnuth determination. Umr angle i. mi^rely the amount .H rota- 
tion that has taken place by a star, since it last passed a given riKM idmn. 
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Figure 87. BIS* an^h from zero hour mgh. 



For example, in figure 91, the hour angle of the vernal equinox is indi- 
catetl by the position of Ihc aero of the ni(jv:tl:>le x'afi- n< 21 haiw^ and 
50 minutes, la other words it has been 21 hours; and 50 minutes since 
the vernal equinox has passed the observer's meridian. For conveni- 
ence hour angles are usually reckoned in leas than 12 hour iingles. To 
do this the hour angle shown in figure 91 would be considered as 21*"^ 
50»»"> — 24*"^ or a —2^'" 10"'" hour angle. The use of negative hour 
angles when the hour angle is more than 12''' (ISO") facilitates compu- 




FigutcSS. Mcntificalion uhtar Den$b, 
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tations for azimuth tletcnniiKition. Figure 92 is a picture made in a 
planetarium of the star Siriu.'^ wliosc right ascmisioii is f>*'' 42.(V"'*' and 
in a position 0^^ 36™" past tlie observer's meridian. Tlie boui' :irigli^ of 
the star Siiius » this case is -fO*"" 36™". Note tliat the si:ir Siriurs coii- 
tinties to have a rigiit as^censton of 6'''' 42Jt'""' f linnj^hdui fhc iL'iy (the 
star moves with the movable scale) but the huur migle t'liaiigts cantiu- 
uously. 



Sttction 11, THE SUN 



ISO. IHoveniAiit 

The earth moves around the sun in an elliptical orbit over a period 
of one year as shown in figure 93. Throughout the travel of the earth 
around this orbit the axis of the c-nrlh rem a ins i in- lined at an angle of 
about 2:'!*.A'' to the vertical iixis of the earth's orbit around the mn as 
{ihown in figure 94. The inclination of the earth's axis? cauwes more 
direct rays of the sun to be projected on the northern hemif^phere in the 
summer ami tJie southern hcmifipliere in the winter, thereby causing 
tJie seuf^onj^ of the year. To an observer on the earth, howe\'er, the sun 
appears to move from an extreme northern declinatltin in the (Summer 
to an extreme southern deelinatlon in the winter as sliown in figure 95. 




Fiffure 88. Imagm^ty scaUs on celestial eqmlOT ( m «e» m Nmihem Hemspkem, 
observer fadiiQ Kntth), 
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figure 90, Sidered time indicaled un observer's meridian (as seea in NorUtetH 
Hcmkphcre, observer facing south/. 



To t!ie obwcrver on llie earth the sun apiictU's to be plat-cil on the ccl(»^- 
tial sphere but unlike a star it does not remain in a fixed position on t!ic 
fplicn-. Due t(h iis rli.in^!' in clc(']iii:\ticHj, it moves above and below 
tlio t'L'lestiiil t<juatur and due to iha diffcrciu'c bt'Lwcen star (^iili'ivjil) 
time and solar time, the sun appears to recede around the oclcsl in I .-|)hore 
in an east anfl wc-st fJtnM lion tlmt it appears to travel ilinni.t;li cer- 
tain conateUatioiis (ui ih(' cch'sii:!! >]>l!r[v, ri<_nirr- W wlru in [''.inn- 
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tarhim shows tlic iio>itio]i of tin: siitt m .\unv 22ut\ mikI (lie position it 
would have on tlie celestial sphere for otliLT dates near tliJtt time. 

ISl. Ecliptic 

The courj^e of the i^uii aroutid the uclcstial sphere is called the ccUpttc. 
The point where the ecliptic crosses the celestial equator m called the 
equinox. The voriirti r^rniiiiKix is tlm* ptiint whr-rc i\\v rclipfic cnissfs ihc 
celeBtial equator wficn the sun is pa^fr^itig from a minub declination to a 
plus declination. In other words^ when the sun is passing from the 
south to the north (fig. 97) . 




Pigur9 Orbit of earth around mn. 
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182. Relatfon to cei«stial •phera 

The sun revolves aruuiul \hv catdi with f!ir rvW<U-A\ -yUi-rc except 
that it dropsi behind In the dcgrt-c ol rulaiiou ^jiirluniiy sti that ifl one 
year the sun has made one less turn about tlie cmHIi than has the celes- 
tial sfiln iv. This ("iiiiM s til!- <ym to appear ia be among the -f.-ir- r.f 
different eonstellatkms as the year progresses. These am!<telh»iioH. aiv 
the ones in the vicinity of the ecliptic and are known as the eonstclla- 
ln»iis of the Zodiac. Tli.' rt-n-^u for Hsf lUftvctnunL of the Sim Oft the 
celestial sphere k explaiiicd in the following section. 



Sectfon III. TIME 



153. Qeneral 

There ;tn- iwo y^vucvnl classes of tinu-: AAvrva] or star fint''. ■^n i -uhr 
or sun time. Tliese two kinds of time are tin-- l>a^is for all <ahL » kin.ls 
of time aiirh as apparent time, civil time, or mean time. The average 
person dues jiui u * M<!rn :d time but his activities are regulated by 
soriii- form of sttlar time. 

154. Solar time 

ISolai- litiH- is ha^t'd on tlic solar day or the time between suteessive 
lower transits of tlic meridian by the sun. If an observer sees the son 
direetly Ovcrlicnd ui- on his iiicridiaii th.. Urm- (or fiis pos^ition will be 
Jioon or 1200. If his meridian i.s cantiiincil t.ji an mud the other si<le uf 
the earth, it will then he 12 hours until ihv suii rrosscs tlie lov\< r [KUi 
of ],is i.n ridi.'Ui [i!i:tk<-s a hnn r transiu and at the lime of ero^sins lids 
lowi-r meridian, tlio time fi>r tire tih.-^erver will be 2400. This time will 
then he the be^nnin^ of the next, solar day for the observer. Sec figure 



PLANE OF 



ORfllT AROUND SUN 



Figiiic Inclination of eaHh'sims. 
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Figure 96. Apparcnl imvement of the^ 



98. TIh? (ilisci ver in this case is on the side of the earth at which the 

tiiiU' i-; iui(Jiiijj;|it. 

155. Sidereal time 

Sidereal time i.^^ a measure of the angle tlirosisli vvJiit'li the earth lia.^ 
rotated since the; vernal equinox was on the observer's meridian (mndr 
an tipper trant-it), or as we we it from the earth, the nn-usnro at the Mtmlr 
through which the cRJcstial sphert has rotated siin'e the vernal ccniitjox 
was on the observer's meridian. (See fig. 99.) 

ISA. Comiiarlseit of sldsroal time anil solar timo 

A solar day is longer than a sidereal day becaxisB the earth must re- 




Figwe M. Sum's positim m $$ Jm&, 
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Fiffure S7, Swn tff t/cmol equinox, 

volve farther to causo a transit 0/ t}iD sun on .^iicecr^sivf dnys. iSt'O 
n^. 100,) The period of time required for the earth to mnkf tme com- 
|>!ete revolution around the .^un is known m a tropicni ^ 
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101.) The tropical year contama 365.2422 mean solar days. In the 

course of one trniiif>al v*^ar I lie pui; niakfs nrn* less transit across tlip 
obsorvcrV meridian tliau dvv^ a fixed t^lar (tir the vema! equinox) be- 
cause tlio eartli revotvcs around the sim but floes not revolve around 
the Estftr. (Si'i' fi^j, 102,) TIio lmf)ir-;il yrnr t\m-v\'nrv fnntajris 366.2422 
sidereal dayw and only. 365.2422 mhn' clays. Sidurcul tiint; in baaed on 
an vjtper transit of the vernal equinox over a meridian while solar time 
is ]>iiM >] tm [i louyr f ran-^it nf a incrltiiaii. When thr- sim is at the vernal 
ec|uinox, the solar time and the sidereal time will vary by 12 hours and 
will vary from to 24 hours in the course of the year. The araouiit of 
variance is iiroportional \o the ntirnhiT nf ilays Ann' ihv sun was at the 
vernal equinox, Tiiis variance in time m the rusult of the apparent 
travel of the sun around the celestial sphere. 

157. Apparent time 

a. The solar day begins at midnight, the instant of lower transit of the 

fiun. {Sec fi}!. 98,1 A!>]):in'iit time is regulaiof! by the nifjvmient nf 
the sun and is the time as; sUmvii by a siradiaL Htiwt-vcr, hi-eaust' the 
earth revolves around the mn in an elliptical orbit, the apparent angular 
niotiun of the sun i- u(»t nriiFnnii. For information, rather then bfcaine 
the data are necessary w the practice of celestial observation, it iiiii;ht 




Figure 03. SiUerual lime. 
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1ki f*tated tliat the motion of the earth is in aceordance with the follow- 
ing laws known as^ Kepler's Laws: 

(1) The uvbii of the earth (and other planets) is an elhji.c, having 

the !*im at one of its foci. . , 

(2) The radius vector of a planet sweeps over equal areas in equal 

Limes. 

(3) The BquarB of the times cjf revolution about the sun of any two 
planets are proportional to the cubes of their mean distanees from the 

b. The length of the solar day is therefore not the &ame tliroughout 
•^he year. (See fig. 103.) 



Winter 
Solstioft 




Summe/ 



Virnol Equinoil^ 



Figure m. Coum ojvurlh armnd .un u, tropical ym, 
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Fiffum IQZ. ffitmil u} the sun and a atar. 



tSB, Mean or civil time 

(Local mean time and local civil time arc synouomous terms.) 

The mvnntion of clocks made a regular time necessary. Since ap- 
parent tiiii*: viiries from day to day^ it was impo^lbie to consitrurt n 
clock tiiJit would keep apparent time. Mean or civil time is time ha.mti 
on an average solar (^iin) day. This average day if based on a fieti- 
tiniis Uiidy, the "mean sun," which is an aver;ifi;r sun that will cross the 
observers meridian every 24 hours, exactly un the hour. This mean 
sun regulates time exactly, so that clocks will indicate a unifo™ time. 
The mean sun is ^oiiictiines? ahead and sometimes behind the real sun 
but at the end of 1 year tlie number nf hours elapsed of mean time and 
apparent time ai-e exactly the game. Aiiiuu ent time may be determined 
from mean or civil time by applying a correction known m the equation 




Figure 103. Vamble distmcts u} vaflk fwm mn IhToaglwut Ike year. 
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J?%»rfi 104, Difference of lime ha^cd on heal meridutm. 



of time to mean time. The equation of time is merely a tabiilntinn of 
the difference of tiie two times in minutes and seconds of timr flm 
^'"lue of thf equation of time may be fotiiid in the sim tables of ilm 
American Nautical Almanac. An aijproximate value of the oquatiim 
time may be found in table II, appendix I. This approximate value 
'^^ suitable for nsr- with the bearing charts but is not accurate enough for 
Prc^cise observatioiifj. 



I-S9. Greenwich civit time 

All the thiivs: men tinned pi"«'viou':ly nrr i'mv basrd on ,1 l'^<;!l rnfrid- 




figure 10&. Standard Liim zunci in viviiuia uj Grsmwich, 
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ian or an observer's meridian. Obviously, an observer in New York 

will see the celestial sphere and the sun in a different degree of rotation | 

than will an observer in San Francisco if they are observing at the same | 

- instant. Therefore, the apparent time and the mean time for both ob- j 

servers are different because of the difference in longitude between the \ 
two positions. With military operations being carried on in widely ■ 
separated points over the earth it is important that a message designate, 
a particular instant so that an observer in one part of the world will 

know exactly what instant an observer in another part of the world is * 

indicating. The navigator's problem is similar to that of the military ] 

problem. For that reason, the Greenwich Civil Time is chosen as a ] 

basis for a universal time because Greenwich Civil Time is the time as j 

indicated on the 0° longitude meridian. A* correction for longitude of 1 

an observer enables an observer any place on the earth to determine ] 

his apparent time, mean time or standard time from Greenwich Civil ] 
Time. Greenwich Civil Time is therefore used as the basic time for 

military or navigational units, and data in the American Nautical Al- > 
manac are based on this time. 

160. Standard time 

. Standard time is a system of civil time to simplify time calculations i 
over the earth. A section of the earth approximately 15° wide in longi- 
tude is given the same time throughout the 15° width. In this manner ' 
everyone in the 15° time zone has the same time. Standard time is 
based on Greenwich Civil Time, that is, the 0° meridian (Greenwich 
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tnerirlian) is chosen ayi the baf=ic meridian. " A belt T 30' wide ofl both 
of the 0" raerklian sivcn a time called Grecnwicfi St:indard Time 
is; immeTicallv llio sanic :is Greenwich Civil Time, Then each IS*- 
Sfmo nti ritlier Mtto of tJie ( iicctiwidj Standard Time zone is given a time 
OIK! h<.nr different from f^e Greenwich Standard Time s^hown in figure 
105. Tliof^c 1 -hour in^roTurnts are carried continuousiy around the earth 
that in the United States tlie 75* meridian is the basic meridian for 
Eastern Standard Time, the 90° meridian i.s tlie ba^^ic meridian for Cen- 
tal Standard Time, etc., as shown in figure 106. Therefore to cliange 
Standard Time to Greene ich Standard Time (or Greenwich Civil Time) 
it is only necessary to determine the closest 15* meridian to an observ- 
er's position and corrcet tlsat time by the number of hours (the number 
of time zones) back to Grccnwicli. In other words, an observer of lon- 
gitude 80* west is closer to the 75* meridian than the 90° meridian ao 
his standard time is that of the 75*^ meridian. 75* ~h IS* — 6, show- 
jag that there are five time aoncs back to the Greenwich time aone. The 
correction to convert to Greenwicli Civil Time is then 5 hoursj. T!ic 
correction can be either plus or minus in sign. Rather than remember 



Star's 
--Meridian 



figure Itfl- Sour trngle qI a titar. 
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a rule for adding or subtracting hours depending upon whether a posi- 
tion is t^;jst or wcsl of Greenwich, it is hefu-r (o visualiKe the position 
of the sun with I't'spcct to Greenwich. For example, in this case the 75" 
meridian m west of Greenwich. The Bun rises in the east so the sun 
pfi^scs CliTonwirh Iifforti it pii.c^cs^ the 75" west meridian. Therefore, 
tho timet at Greenwich is later than tlie time at 75° west. Therefore, 
the 5 hours must be added to the Eastern Standard Time to obtain the 
Greenwich Ci\dl Time. 

161. War time 

War thm^ is nifioiy ;i titjn' 1 linur tilwiul uf standard time. For ex- 
ample, Kiisteni W'lir Time is 1 hour alieud of Eastern Standard Time. 

162. Local time 

LocilI tiriK! may be local i^itlurcal, local apparent, or local civil (mean) 
time. The designation local merely means that this kind of time is 
bai!e<] on tlir tiinf ;if n locni ini ri*Ii;tii f ulisi rvfr's tnertdiiui) rather than 
some standai'd meridian. For example, an observer at 73" W longitude 
has Eastern War Time indicated on his watch. If this time is indicated 




Figure 108. Greenwkk hour angk of a star, 
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1 100, he subtracts 1 hour to j^ot iUe Kastprn Standard Time of 1000. 
This is tlie standard time for the 75° time zone or tlic local civil (mean) 
time for the 75° meridian. Since the observer is at the 73" nitridian^ 
whirh isouftt, of thi' 75^ ui.-riilian, the sun pa.^scs tlie 73° meridian before 
it jiasses tlie 75° mendiun, so the local civil or lucal mean time is later 
than the standard time. 

15* of lojigitude = 1 hoQr or 60 minute.^. 
2" of longitude =- 2/15 X 60 8 minutes. 
Therefore the local -civil time at the 73° meridian is 1000 -|- 08 =- 1008. 
Lor:il appiirent time is th<' ihiic as <lelormineil liy thr real sun at the 
kieal meridian and local sidereal time the star time us determined by 
the vernal equinox at the local meridian. 

163. Summary 

a. Sidereal time is time determined by the position of the \-ernnl cqm- 
nox. Su\viv:i\ tiuu enn be changed to aolar time but requires tlie use 
of a Nautical Ahuanac. 

h. Apparent time is determined by the position of the real &un. Ap- 
parent time can be changed to Greenwich Civil Time, standard time, 




f i^ura 199. DmvaiSon of local h&ur aniik. 
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local mean time or war time by correcting for the equation of time 
(found in the Nautical Almanac) and correcting for longitude. 

c. Mean time is time determined by the position of the mean sun. 
Mean time can be changed to apparent time by correcting for equation 
of time. Mean time can be changed to Greenwich Civil Time, standard 
time or war time by correcting for longitude. 

d. Greenwich Civil Time is time determined at the Greenwich meri- 
dian by the position of the mean sun. This time may be changed to 
local mean time or any standard time by correcting for longitude. It 
can be changed to local apparent time by correcting for longitude and 
the equation of time. 

e. Standard time is time determined by the position of the mean sun 
as referred to some standard meridian. It can be changed to Green- 
wich Civil Time, by correcting for longitude from the standard meridian 
to Greenwich meridian. It can be changed to local mean time by cor- 
recting for longitude and to local apparent time by correcting for longi- 
tude and the equation of time. 

/. War time is 1 hour faster than standard time and can be changed 
to other times in the same way as standard time after deducting the 
one hour. 

g. Local time is time referred to a local meridian. Correcting for 
longitude changes it to some standard or mean time. 



Section IV. TIME AND HOUR ANGLE 



164. Greenwich hour angle 

The American Nautical Almanac lists the hour angle for various celes- 
tial bodies as referred to the Greenwich meridian, and using Greenwich 
Civil Time. This method allows a great amount of data to be pre- 
sented in a form so that an observer may convert the data to fit his 
position and his time. The hour angle of a star is the angle between 
the plane of the observer's meridian and the hour circle througii the 
star. (See fig. 107.) The Greenwich hour angle of a star is then the 
hour angle of a star referred to the Greenwich meridian as shown in 
figure 108. This Greenwich hour angle is the angle given in the Nauti- 
cal Almanac for a specified Greenwich Civil Time. 

165. Local hour angle 

The observer in the field requires the hour angle of the star seen by 
him at his meridian, and using his time. To find these data he con- 
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Verts his time (usually standard time or w,ar time) to Greenwich Civil 
Time and finds the Greenwich hour angle for the body for that particular 
time. He then corrects this Greenwich hour angle by the amount of 
the correction for his longitude which gives him the local hour angle 
for his particular position. Figure 108 shows the Greenwich hour angle 
and figure 109 shows the correction of 5 hours 00 minutes for his longi- 
tude 75° west and shows the local hour angle 3 hours and 10 minutes 
"^vhich he derives. 
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CHAPTER 11 



AZIMUTH DETERMINATION— APPROXIMATE 

METHODS 



Section I. GENERAL 

166. Azimuth 

One of the primary duties of a reconnaissance officer is to furnish his 
unit with orienting Unes for all material requiring them. If two inter- 
visible points whose coordinates are known are located in the vicinity, 
or if a line of known azimuth is available, the problem is simple. But 
if these data are not available it becomes necessary for the reconnais- 
sance officer to determine an azimuth by some other means. This de- 
termination of azimuth is an important and exacting phase of orienta- 
tion and the method employed may be dependent upon the availability 
of special data such as precise time, nautical almanacs and so forth. 
It is essential, therefore, that the reconnaissance officer be thoroughly 
familiar with several methods of obtaining azimuth so that in an emer- 
gency he is able to produce results even under adverse conditions. The 
methods described in this chapter are not precise methods but enable 
the reconnaissance officer to obtain approximate azimuth when he does 
not have an almanac, instruments, or precise time. 



Section II. COMPASS 



167. Use 

There are in general use, several simple devices for approximate 
determination of the meridian. The most common of these is the com- 
pass, the use of which does not depend on any astronomic principle but 
simply on the magnetic attraction of the earth's mass. The magnetic 
needle, when allowed to swing freely, comes to rest in the magnetic merid- 
ian. The magnetic poles are not coincident with the terrestrial poles 



146 



(see fig. 38) ; therefore the magnetic needle- seldom points true north and 
south. The angle between the true meridian and the magnetic meridian 
is called magnetic declination. The mean values of the declinations m 
different areas are shown by isogonic lines, connecting points of equal 
declination. If the magnetic needle points east of true north it is said 
to have an east declination'; if west of north, a west declination. Many 
types of compasses are provided with a movable dial in order to set off 
proper declination. In other types, it is necessary to correct the read- 
ing by the value of the declination. 

168. Compass errors 

Directions obtained by the compass are subject to serious errors due 
to local attraction. In some cases, particularly in mountainous coun- 
try where iron ore may be present, the magnetic needle cannot be used. 
In high latitudes the declination becomes so great that without a pre- 
cise isogonic chart, the direction indicated is too much in error to be 
Used. The close proximity of electric wires, railroad tracks, guns or 
trucks will seriously affect the readings. Metal objects worn or car- 
ried on the personnel using the compass will cause the compass to give 
erroneous directions. This includes personal paraphernalia. Helmets, 
^'capons, pocket knives, and cartridge belts must be removed. The 
compasses used in self-propelled mounts or trucks may be adjusted to 
give fairly accurate direction temporarily but after a few miles of driv- 
ing, the adjusting mechanism may jostle off-so that the direction indi- 
cated is in error. Also, any movement of guns, loading or expenditure 
of ammunition will require a readjustment. A compass may be taken 
away from any mass of metal a distance of 200 feet, being careful that 
there is no steel object carried on the person and by using an isogonic 
chart or correcting for declination from a map of the area, an accuracy 
within 1-° may be obtained.. AVithout knowledge of the declination of 
the needle for a given area, an error of 30° may be made with a compass. 



Section III. WATCH DIAL 



169. Method 

In the Northern Hemisphere, if the hour hand of a watch is pointed at 
the sun, a line bisecting the smaller angle between the hour hand and 
the 12-hour graduation, points approximately south. In the Southern 
Hemisphere, if the 12-hour graduation is pointed at the sun, a line bi- 
secting the smaller angle between the 12-hour mark and the hour hand 
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FigurG HO, DQiermining direUion vnLh a mtch diai. 



points approximately north. A match may be held verticftlly over end 
of the hour haiul (or the 12'hoiii- iiKirkl ;iiirl the shiulow nf the luatdi 
used to line the watch properly. (See fig. 110.) Thifs method will work 
only when the watch is set to standard time. If the watch is operating 
on war time the risnlf< will be in error. Tlits itn ifm,! inny givr ;m 
accuracy within 5"^ at some time of the year but may be in error as mueh 
as 10° at other times. This method ie Inapplicable when the sun's 
declination is nearly the same as the latitude of the position. 




Sttctlon IV. SHADOW OF A ONOMON 



t70b M«fhod 

Direction may be detenmned by the sun by ^ctf in- up ii vouiih gnmnon 
Bimilur to tiie type used on a pundial. Select a long j)olc ami crcci it as 
sitown in ligure 111 m tluil it leans in a northeriy or southerly direction 
(nortli in Northern Hemisphere, south in 8niitfiern Hemi!?)>hcre) . Siia- 
pend a weight bv a string from the end of the leaning pole, (J^ce fig. 
112.) Drive a stake directly under the su^^iiended weight. About an 
lioiir before the sun reaches the zenith, drive a stake at tlu- end tjf t he 
shadow of the IcjininK I'ole (frnomon). Using the distance between the 
two stakes a* a ratlins deseribe an arc about the stake under the sus- 
pended weight. (See fig, 115.) When the shallow of the pole again 
touches the arc (after 1 or 2 hours), drive a stake at the point of con- 
tact. (See fig. 116.) Divide the di&tance between the two stakes on 
the arc, into two equal parts. A straigUl line joining the midpoint of 
the line between the s^tnla- and the stake under the sus^pended weiglit 
will be a line pointing ap[)] oximately tme north in the Northern Hem- 
bphere or tme south in the Southern Hemis])here, (8ee 11 f;. 117.) In 
certain time, thv Vi-nr in iho vicinity of the Ekiufttor the dirwUoo 
may be reversed beeau:se althuii^'ii \hv observer is in the Northern Hem- 
isphere, the sun is farther north, resulting in a suiithern tlirectton. The 
indicated direction will be exactly 180* off however, which «houltl be 
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F^ure US. Siake ts driven md&r yle^gfU^ 

apparent to the user of this method. An accuracy of 1* may be at- 
tained by careful pcrformunee by this method. 




Fiffurts 114- Ulukti at md vj shadow. 




Figure 115, Are desmbed c^mi stake at suspended vteighL 
Section V. HIRECTION BY PLUMB MNE AWD STAR 



171. 

Polaris , , . 

A plumb line may be u.cci a. a.i .kmentury form of transit to sigl.t 
on a star. Erect two frames similar to tliose ^li<nvn m fi iiuix- 1 1 lu" 
framcB should be erected in sucli a manner tJ.at the litu- bclwc-o. tin 




1 

^^^^^ 



Figure 110. Stok^ internet^ of are and Mqw. 
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Figwe W, Imeim&cf^im Sreciion, 



two iihinib boh.s will be in line with the etar Polaris. Suspend a plumb 
bob frgm each of the two frames- and then havo an assistant move onp 
of the two plumb hobs su ilmt tlje strings of the plumb bobs will be in 
line with the star Polaris as shown in figure 118. The line between the 
two pkntib bobs will br ;ni inrlu'Bfnr or true north. As the probable 
error vi this inctliod is 1% and as Polaris has an orbit within V of the 
north f-ek'siial pole, a sight taken on the star Polaris at any time will 
always hv witliin 2" of true north cxceftt in C'\<M:-j)tioiiaIly high latitudes, 
Polaris n}a\- bt- Jfatnd by following tlie pointers of tlie Big Dipper shown 
in figure 120. 



172. Any brisht star 

The <iiui\f nut hod (jf cstablif^hing a line of known direction by plumb 
bobs may u>vii with any first m;if;nifud(' star, tlse the Ijrarlii^r clmH 
of the staj's in aiipendix 1 to determine the direction of a star at a pre- 
determined time. At this time line up the plumb bobs with the selet^tod 
star nnd tlie line liet worn the two i>lunib bolis will be Uif <Iirc( lion de- 
terndncd by the charts. Tliis method will give a direction accurate 
within 1^4* if the plumb bobs are carefully placed. 



152 




Figure 118. Linitm plumb bubs witk atar. 
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Section VI. DIRECTION BY SUN 



173. Method 

Determine the bearing of the sun at some future time by means of 
the bearing chart of the sun (app: I). Suspend a weight from some 
form of framework so that the string holding the weight makes a shadow 
on the ground. At the time previously selected for use in calculating 
the bearing, mark the line of the shadow on the ground. The line of 
the shadow from the point marked to the point under the suspended 
weight has the same bearing as the bearing of the sun previously deter- 
mined. This method permits determination of direction in high lati- 
tudes where the "Midnight Sun" is encountered and is usable in either 
hemisphere. A method of orienting a map by this principle is shown 
in figure 119. The shadow is made to cross the point on the map corre- 
sponding to the observer's position. The map is then turned until the 
protractor reads the same bearing as the bearing of the sun. The map 
is oriented when the bearings are the same. It should be noted that 
the bearing charts of the sun or of the stars cannot be used if approxi- 
mate latitude and longitude are unknown. 
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CHAPTER 12 



STELLAR OBSERVATION 



Section I. GENERAL 

174. General 

Before undertaking any survey operations, the observer and the 
Recorder must have enough practice to gain some skill in their work, to 
^orm certain habits of procedure which insure accuracy in the results, 
^nd to learn to choose the method best suited for the work at hand. 
Signals, targets, and rods are immovable while being observed, but 
Celestial bodies appear to move, often quite rapidly. This makes the 
pointing more difficult, and in some systems of observation the exact 
Millie of centering has to be read and recorded. The use of the pris- ■ 
^atic eyepiece and working at night seem strange at first. Computa- 
tions are perhaps more varied than in ordinary survey work, and often 
^ecm rather abstract to the beginner. However, if the movements of 
*he celestial bodies are kept in mind the reasons for the various compu- 
tations are apparent. 

^7S. Equipment 

. Before taking the field, the following must be prepared or arranged 
advance: 

Adjusted instrument. 
Known error of watch. 
Flashlights, if at night. 

Almanac (current year). Required for hour angle methods. 
TM 5-236 (Tables). 
Notebook and blank forms. 

Descriptions bf stations to be occupied and observed. 
Illumination for mark (if at night). 

^^6. Adjustment off transit 

The instrument should be in good adjustment. The plate bubbles 
^^''ould have special attention, as the only error not overcome by the 
Combination of direct and reversed readings is the deviation of the 
^'crtical axis from the plumb line. Some observers prefer to rely upon 
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the striding level or telescope level for the final leveling of the instru- 
ment. This method is advisable when altitude methods of observation 
are being used. In most of the systems, the instrument cannot be re- 
leveled during a set of observations (one direct and one reversed). The 
tripod should be located so as to be least in the way during the obser- 
vations. As most transits have no interior illumination for the cross- 
hairs at night this is accomplished by having an assistant direct a flash- 
light, held at such distance as to secure the desired intensity, at a piece 
of white paper inside of and extending beyond tlie sunshade. This 
flashlight must be shielded from the observer's eye. Some transits are 
equipped with a sunshade having a reflecting plate inside the shade for 
use when making star observations. 

177. Watch 

The watch should be preferably one with a sweep second hand. The 
watch error to the nearest second must be known (this can be obtained 
from radio time signals where these are available). The minute hand 
should be set to the nearest minute, and in exact correspondence with 
the second hand, reading the even minute when the second hand is at 60. 
No attempt should be made to set the second hand. The recorder does 
not attempt any computations during observation. He is responsible 
for the observer following the prescribed program, for immediately re- 
questing a check on any readings which seem discordant, and for read- 
ing the second of each observation if precise time is used. When the 
observer calls, "Ready," the recorder starts counting the seconds on the 
watch to himself. When" the observer calls, "Take," at the instant of 
tentering, the recorder immediately records the time and is then ready 
to repeat and record the vernier reading reported by the observer. 

iVs. Field notes 

A notebook is carried at all times, in case the desired blank forms arc 
not at hand. The forms should have spaces for recording the data on 
observations. iMost of the azimuth observations are made in three 
separately computed sets, each of one direct and one reversed observa- 
tion. If these do not provide at least two sets giving close check, the 
observations are -repeated. The recorder is responsible for advising the 
observer when to reverse, when readings do not check, and for keeping 
the time. 

179. Focus of telescope 

In all astronomic observations, the telescope must be focused for 
infinity so as to give the sharpest possible image of the celestial body- 
As the focus should not be changed during the observations, the signal 
or lighted mark is placed at such distance that the focus will not have 
to be changed when sighting at it. The mark is placed as far from the 
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instrument as possible to insure precise alignment, however, 14 mile 
^iU usually be sufficient. For accuracy in pointing, the terrestrial ob- 
ject should have as small an aperture for light as can be seen clearly. 
A signal box containing a flashlight or bulb and dry cells with an adjust- 
, able vertical slit or scries of slits of various width, one of which can be 
accurately plumbed over the stake of the mark while the light is directed 
exactly toward the instrument is prepared. If such a box is not at hand, 
a bare flashlight bulb may be used. 

180. Choice of celestial body 

During daylight hours, the sun is the only celestial body that can be 
i-eadily observed. On dark days such as occur in the winter, some stars 
ean be observed through the telescope of the transit. Polaris is the 
niost easily identified star in the Northern Hemisphere and has a very 
slow movement. However, because Polaris cannot be seen m so many 
Parts of the Northern Hemisphere due to local weather conditions, and 
because it cannot be seen in the Southern Hemisphere, it is inadvisable 
to depend on using this star for observation. IVIethods of identification 
of stars, which will enable the user to identify any first magnitude star, 
are presented in appendix I. The choice of star to use is determined by 
the method of observation to be used. That is, if the altitude of a star 
is to be measured, it is best to select a star whose altitude is changing 
slowly as compared to its change in azimuth. If an hour angle method 
is to be used the star selected is one that is changing azimuth very 
slowly, so that a small error in time causes a very small error in azimuth, 
r^irst magnitude (bright) stars are so well scattered throughout the 
celestial sphere that an observer must not be tempted to use a star in 
an unfavorable position. Observation can be made and the star identi- 
fied laler if necessary. All artillery officers who are likely to have any 
task requiring azimuth determinations must be familiar with the more 
common stars and their relative positions in the sky. 

^81. Choice of method 

a. The primary consideration in selecting a method of determining 
azimuth are the time at the disposal of the observer, the instruments - 
available for his use, his knowledge of the correct time, and his experi- 
ence in astronomic work. The secondary consideration is the degree 
of accuracy desired. If the data are required to establish an orienting 
azimuth for laying a gun, the accuracy desirable depends somewhat on 
the type of gun, the mission, and upon the degree of coordination that 
is to be exercised between that unit and adjacent units. If the data 
are required on short notice during daylight, some method of so ar 
observation is necessary. These methods are covered in chapter U. 

b. If azimuth is required for the adjustment of a traverse line m con- 
nection with the location and orientation of a battery, the maximum 
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Method 



Polaris at 
elongation 



Polaris at 
any time 



Any star 
(equal altitudes) 



Any star 
(altitude method) 



Any star 
(hour angle 
method) 



Bearing chart 
of the stars 
method. 



Solar (hour angle 
method) 



Solar (altitude 
method) 



Bearing chart 
of the sun 
method 



Advantages 



Allows sufficient time for rep- 
etitions. Simple calcula- 
tions. Time of observation 
unnecessary for calcula- 
tions. 

Any number of observations 
permitted. Observations at 
any time during darkness. 
Relatively simple calcula- 
tions. 

Time of observation unneces- 
sary. May be performed 
in either hemisphere. Prac- 
tically no calculations. In- 
strument and refraction er- 
rors eliminated. No tables 
required. 

Time of observation unneces- 
sary. Any number of ob- 
servations permitted. Sim- 
ple calculations. Almanac 
unnecessary. May be per- 
formed in either hemis- 
phere. 

Most precise method. Any 
number of observations can 
be made. Usable in either 
hemisphere. Refraction cor- 
rections, unnecessary. 

Fast and easily computed. 
Precise time unnecessary. 
Usable in either hemis- 
phere. Any number of ob- 
servations may be made. 
Almanac unnecessary. Ex- 
cellent for coordination of 
adjacent units. 

Observations can be made in 
daytime. Several observa- 
tions can be made. Meth- 
od can be used in either 
hemisphere. 

Same as above. Time with- 
in 15 minutes is all that is 
required. 

Fast and easily computed. 
Time within 3 minutes suf- 
ficient. Usable in either 
hemisphere and will com- 
pute "midnight sun." Al- 
manac unnecessary. Excel- 
lent for coordination of 
units. 



Disadvantages 



Observations must be taken 
at specific time and only 
one observation possible in 
12 hours. Usable only in 
Northern Hemisphere. 

Precision of about 1 minute 
of azimuth. Method usable 
only in Northern Hemis- 
phere. 



Observation may be lost due 
to clouds obscuring star. 
Observations must be taken 
5 to 8 hours apart. 



Requires correction for re- 
fraction. Requires more 
skillful instrument oper- 
ation. 



Requires time within preci- 
sion of 6 seconds. Requires 
an almanac. More difficult 
computations. 



Error of 1 + 1/2" may be 
made. Latitude and longi- 
tude of position must be 
known. 



Time must be accurate to 5 
seconds. Results accurate 
to 1 minute. Long calcu- 
lations required. Requires 

I almanac. 

Same as above except for 
time. Instrumental errors 
introduced. 

Error of 1" may be made. 
Latitude and longitude of 
position must be known. 
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error should be less than 2 minutes of flm Ii tii« n la no particular 
iirgcjiey m tiijie, the observer may wait until darkness and make a 

star observation. 

c. If a precise ajsimuth is required, solar obsarvations ^\imi\d not be 
atfwnpted. RtcIIjir ohsc-rvrttions using thv alf iliulc mvi in- Iiotir angJe 
metliod give results within the limits of at-curacy of thu be.st transit. 

d. Tbe table on page 158 outlines the advantage and disadvantages 
of taking observations by the prineipal methods: 



Sectton II. POLARIS AT CUUMNATION 
AND ELONQATION 

182. Iden'liftcatioii of Polaris 

Polaris is verj^ close (within abmit T * tn the North Celestial Pole. 
As a result, Polaris has a very smnll u])t>;>ivnl movement in the course 
of a day, Polaris is readily identified by the ''pointers" of tlie Big 
I>ipper whicli arc llie two stars forming tin- outside of the cup of the 
dipper. A line through these two stai^ (a ami fJ vi 1 j'^a Major) very 
pearly passes through the star Polaris as shown in figure 120- Polaris 

Hh' only brisbt star jri tlits girncnil arc-a, and r.< Mi>iir()xiiiinf('ly hidf way 
b(.-l\vii'ii the Big l.)ij)j)er (rr-u .Major) and tlie ODiii^teiliUiun CiitiHiujicia. 

183. Culmination and elongation 

Polaris appears to revolve around the North Celestial Pole in an orbit 
^ rouglily r radius. Tbe portion of tbe star in relation to the ci^lvM ia! 
polo is given a name for certain specific positions. Tlie point along the 




Fi-gui-^ ivV. Pointi^rs of iht dor Polaris. 
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orbit at wliicli Polarity i.« the fiirthnst ca^t h crilloii t\iv. onstem elonga- 
tion of Polaris, shown in figure 121. The point at which Polaris ia the 
farthest west is called the western elongation of Pohiris. Likewise, 
when Polaris is directly over the Norf h C(>!t^sli?it I'ole, Pttlari^ i- al !i;i]ui- 
culmination and is at lower culmination when Polurin is directly bulow 
the celestial pole. The positions of elongation and culmination are not 
exactly 90* apart due u< \ hr mnv.: i -vnce of the hour circles tange 
the orbit of Polaris and as u ri'.sult Uii; time of culmination is not exac 
six hours after an elongation. Elongation is inrlicatcil jippniximittely 
by the pogitiuiis of ihc V>hi Dipper and Caseioiii in. Pohiri.H Is on the 
same side of the North C'l li stial Pole as is Cassiopeia and is in line with 
the "pointers" of the Big 1 Jipper. Therefore, when the line of tlie point- 
era in ;ihnt>Hi horiKontal, Polaris is nciir cIon^fa(iori -.luA is oa the same 
side of the celestial pole as is Cassiopeia. (See fig. 121,) 

184. Advantages and disadvantases af eulmination 

The main advazitage of making an observation for aaimuth at either 
upper or lower culmination, is that PolariR is directly above or below 
the Nort! ' !al Vuli- ut this time, so thnt the observation in^i rumt'iit 
will- be poiiiLed directly north when sighted at the star, A seconthiry 
advantap:e is that no compittations or measurrmr'nfs nrr> mqiiTTTd when 




J ■ > Polaris at castem elongation. 



sighting on Polaris at culmination. The disadvantages are tliat tlie 
observation must be made at a precise instant for a very precise direc- 
tion, the time of culmination must be known, and no time is permitted 
for a double setting of the instrument on the star as a check. An ob- 
servation made by, the method following should not be expected to be 
more accurate than 5 minutes of angle if the correct time is known 
"Within a precision of 2 or 3 minutes. 

185. Determination of time of culmination 

The time of culmination of Polaris may be determined from the 
American Nautical Almanac if available. However if an almanac is 
not available, the time may be determined very closely by means of sheet 
1 of chart II (app. I). Upper culmination takes place at 0145 local 
sidereal time. (The time actually varies from 01:44:02 to 01:46:41 in 
the year 1944 and the average sidereal time will be about 27 seconds later 
for each succeeding year.) Lower culmination takes place at 1345 local 
sidereal time. To determine the watch time of a culmination, lay a 
straightedge on sheet 1 of chart II (app. I). Set the right end of the 
straightedge at the point on line C corresponding to the date and set 
the straightedge so that it intersects line B at 0145 or 1345 the local 
civil time of upper culmination will be indicated on line A when line B 
setting was 0145. Local civil time of lower culmination will be indicated 
on line A when line B setting was 1345. This local civil time must be 
changed to standard time in use or Greenwich Civil Time by correcting 
for longitude of the position by means of table I (app. I). A practical 
problem is described in paragraph 242 illustrating the method of chang- 
ing the local civil time to a standard time. The time of culmination 
^0 determined is an approximate time but is sufficiently accurate to 
^^llow a determination of azimuth within 5 minutes of angle. 

l86. Procedure pf^culmination C/^^^^^^ 

The transit should be set up over the point from which an azimuth is 
to be determined several minutes before culmination. Set tiie hori-, 
^ontal scale to zero. Loosen the lower motion screw and set the tele- 
scope so that the vertical cross hair is near the star. Tighten the lower 
Motion screw and set the vertical cross hair exactly on the star by 
nieans of the lower slow motion screw. Follow the star in azimuth by 
nieans of the lower slow motion knob until the timekeeper calls "Time" 
(when the watch reads the time previously computed as the time of 
culmination). When the timekeeper calls "Time," all movement is 
f topped and the telescope and zero of the horizontal scale will be point- 
ing at the north celestial pole or zero azimuth. There are no compu- 
tations or adjustments to be made. The expected accuracy should be 
Within 5 minutes of angle. 
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187. Advantages and disadvantages at elongation I 

• The advantages of making an observation on Polaris at elongation is | 

that for several minutes Polaris appears to move in a vertical direction j 

but not in a horizontal direction. At this particular time, several ob- 1 

servations may be made to correct for instrumental errors without mak- i 

ing an error in horizontal angle of direction. Also, when Polaris is at \ 

elongation, the exact distance from the celestial pole is known so that i 

the time or hour angle of the star is unnecessary, thereby simplifying j 

computations. The disadvantages of making an observation at elonga- j 

tion are that there will only be one opportunity for observation in a I 

12-hour period and maybe only one in a 24-hour period if one elongation i 

takes place in the daytime. The star may be obscured by clouds at the j 

time of elongation and elongation may take place at an inconvenient \ 
hour. True north must be computed from the direction observed. 

188. Procedure at elongation 

a. The transit is set up over a stake, on the station from which direc- 
tion is to be determined, leveled, and the focus adjusted for observation 4 



at distant object, prior to the time when the constellations arc approach- 
ing the position indicative cf the elongation of Polaris. 

b. When Polaris is approaching the position of elongation, focus the 
telescope on the star and bisect it with thjc vertical cross hair. Follow 
the star in its horizontal motion, by means of the slow motion screw 
until the star no longer changes its bearing but moves vertically. As 
soon as this occurs, lower the telescope and set a point in line with the 
vertical cross hair, at a distance of several hundred feet from the transit. 
Immediately after setting this point, reverse the instrument and repeat 
the operation, setting the second point on the same stake as the first. 
If there is any distance between the two points laterally, divide the dis- 
tance between the two, in half, and the half point will be the correct 
bearing of Polaris. . This operation of taking two sights and dividing 
the distance between the two points set, corrects for any error in the 
adjustment of the instrument. 

c. The change of bearing of Polaris at elongation is only about 5 sec- 
onds of arc in 10 minutes time so that sufficient time is allowed for 
repetition of sights without losing the accuracy of bearing desired, if 
the work is carried out expeditiously. 

d. The direction of the line set out in observation on Polaris at elonga- 
tion is the bearing of Polaris and not true north. The bearing laid out 
on the ground must^be corrected for the horizontal angle between the 
star and the pole to obtain true north. This angle is not equal to the 
polar distance of Polaris but may be found by the following formula: 



Sine stars true bearing = 



Sine polar distance of star 



Cosine latitude 
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e. The mean polar distances for the years 1943-1952 may be found 
in the following table. The latitude may be found from a reliable map 
or observation. 

MEAN POLAR DISTANCES OF POLARIS* 



Year 


Mean polar distance 


Year 


Mean polar distance 


1943 
1944 
1945 
1946 
1947 


r 00^21" 
1°00'03" 
0°59'45" 
0°59'27" 
0°59'10" 


1948 
1949 
1950 
1951 
1952 


0°58'52" 
0°58'34" 
0''58'16" 
0°57'58" 
0°57'40" 



*The above table is computed for January 1st of eacn year. An t,Mu. ^ 
as a maximum will be involved if no corrections are made for the time ot yea . 
This value (18 seconds) however, is smaller than the least reading P-f^^^le with a 
double sighting on the star with an issue transit, and so the values above may 
used in computations as given. , -Pr-lnris 

/. The angle between true north and the line of direction of Polaris 
is the same angle as the True Bearing of the Star, shoM^ in figure 122. 

g. This angle is so small that a more precise setting of true north can 



To Polaris at elongation 




True Beoring 
of Star 



Figure m. Angle of Polaris at elongation. 
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be made by computing the ordinate of the angle and measuring this 
ordinate to set true north. In figure 123, the line AB is the line estab- 
lished in the direction of Polaris at elongation. AC is the true north 
line desired. Angle A has been computed and is the true bearing of the 
star. The tangent of angle A is equal to BC/AB or BC = AB tan A. 

h. The line BC is at right angles to AB. If the distance BC is meas- 
ured at right angles to AB, the line AC will be true north. A convenient 
way of measuring this ordinate along a line at right angles to the line 
AB is by laying out a 3, 4, 5 triangle. A triangle having sides of 3 units, 
4 units, and 5 units in length respectively will make a right triangle. 
By using a tape and three men to hold the tape at the corners of the 
triangle as shown in figure 124, a right angle is laid out at B. The 
ordinate distance is then measured along this line established at right 
angles to the line AB and the point C is set. The line .4C is then a 
true north line. 

i. Observation on Polaris at elongation is the easiest method for pre- 
cise work as very little computation is necessary. It is unnecessary to 
know the time of elongation, as elongation can be determined by observ- 




ing the Big Dipper aT.d Ca.™.pci.. .i,c o.art .n.t,.n -^ "^ ^ " 
,•.■.„ IH. otecvved bv WMlohing the trnvc! at the star tl.™agl. the Id. . . 
However, this method depend. ..n (he observation of one star «»u t ng 
it. » limitation of its usage to ..n- lu.,ni<i.here. and to .«rts ™ 

isphere du. to terrain. A 1.^ ""e or two °'?f^7>'""^ 

m a 24-hour ,«riod. Vnd.r certain oonditions, .t «.« be ^PJ'^^k^ 
wait for the iime of elongation for an nbsn vatmn. The nert metliod 
presented enables an observer to use Polaria at any hour. 



Section III. POL*RI» *T MY HOUR 



The bearing of the star Polaris may be dete.-n, ne<l '"^^^ 
the time is toown and an American Na«t.cal Almanaej, Ma W 
This astern requires but a limited knowledge of ""^^ J™^^^ 
calculation.. The,e ealeulations ean be worked «™ 
on a slide rule, or by tin- of h.«nrithn,s to the h.rd pla e. lolans 
appea.^ to revolve around the north celeaUal pole m « ™f 
1'. The true radiu- may b. determined ^->^:''^^-^^^^^^^^ 
MiblraotinK the deelinalion ..f V..hm>- frniii 90 . The dinerencc oe 
tl» two will be the polar distance of Polans. 



ISO. Procedure 

^ a. Center the transit over the station 



, :>iid Icvfi aoourately. Do not 
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change the leveling until a set of observations has been completed. The 
telescope is focused at infinity, the objective lens being almost com- 
pletely back toward the eyepiece. Illuminate the cross hairs with a 
flashlight and adjust the eyepiece so that the cross hairs can be seen 
distinctly. ^ 

b. Set the A vernier at zero and sight on the mark, with the telescope 
in the direct position, using only the lower motion. Read and record 
the magnetic azimuth, to be used as a check. 

c. Loosen the upper motion and turn the telescope to the star. In 
observing on Polaris, set the approximate latitude in degrees on the 
vertical circle, as that will be the approximate altitude of the star. 
"When the star has been picked up, have the assistant illuminate the 
cross hairs and, when nearly sighted on the star, call "Ready" to the 
recorder. Additional focusing of the objective lens may be necessary 
to bring the star image to a single point of light. When the vertical 
and horizontal cross hairs arc exactly on center of the star, call "Take." 
Recorder immediately records the time. Without moving the telescope, 
read and record the reading of the A vernier and the altitude of the star. 

d. Loosen the lower motion, reverse the telescope, turn to the mark 



Station: A Watch: 10 sec. fast 

Mark: Station/? Estimated L.II.A. (check) 



Date: 15 Sept 1943 



Point 








Verni 


er A 


Angle 


Vertical 


S'ghted 




Time 




reading 


Angle 


Mark (D) 


II 


M 




0" 


00' 








Star (D) 


16 


46 


11 


. 65° 


45' 


65° 


45' 


33° 34' 


Mark (R) 


















Star (R) 


16 


47 


09 


131° 


30' 


131° 


30' 




Average 


16 


46 


40 






65° 


45' 00" 




Mark (R) 








0° 


00' 








Star (R) 


16 


49 


36 


65° 


44' 


65° 


44' 




Mark (D) 


















Star (D) 


16 


50 


21 


131* 


30' 


131° 


30' 


33" 36' 


Average 


16 


49 


59 






65° 


45' 00" 




Mark (D) 








0° 


00' 








Star (D) 


16 


51 


57 


65° 


48' 


65° 


48' 


33° 39' 


Mark (R) 


















Star (R) 


16 


52 


35 


131° 


35' 


131° 


35' 




Average 


16 


52 


16 






65° 


47' 30" 
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b. The method of . deriving the local hour angle is shown in figure 125. 
The Greenwich hour angle at O*''" Greenwich Civil Time (326° 35.6') is 
added to the angular travel of the star in 20 hours 46 ininutes and 30 
seconds (312° 28.7') to give the GHA at time of observation (639° 
04.3'). 639° 04.3' —360° = 279° 04.3'. The observer is at longitude 
' 77° 33' West so that the star is not as far advanced in rotation for his 
position as it is for Greenwich. In fact, it is 77° 33' behind the amount 
of rotation at Greenwich. Therefore, the local hour angle is equal to 
the GHA (279° 04.3') minus the longitude (77° 33') or 201° 31.3'. 

c. We now have the polar distance P which is 60.5' and the LHA 
which is 201° 31.3'. The altitude of the star was measured as 33° 34' 
above horizontal. Using the formula: 

^ . P sin LHA 

^'^"^2 = -^^7^ 

P = 60.5' 
LHA = 201° 31.3' 
h = 33° 34' 

Natural sine of 201° 31.3' = sine of 21° 31.3' = 0.367 

Natural cos of 33° 34' = 0.833 

\, . 60.5 X 0-367 
^'^""S o;833 =26.6 

. d. The LHA was more than 180° indicating that the star had gone 
from the observer's meridian toward the west and passed the lower half 
of the observer's meridian and gone 21° 31.3' beyond. Therefore, the 
star was 26.6' east of north. The angle measured from the star to the 
mark was 65° 45' (Mark"right (east) of star). Therefore, the azimuth 
of the mark is 65° 45' + 26.6' = 66° 11.6' true azimuth. Note that 
if the latitude (34° 30') had been used instead of the measured altitude, 
the cosine of h would have been 0.824 and the computed bearing would 
have been 26.9' instead of 26.6'. Thus, if the vertical circle is not 
reliable or if there is none on the transit, the latitude of the position may 
be taken from a map and this value used instead of a measured altitude 
of Polaris. The polar distance must always be in terms of minutes and 
the bearing determined will then be in terms of minutes. This method 
gives an accuracy of about 1 minute of angle. , 



Section IV. ANY STAR— EQUAL ALTITUDES 
194. General 

The equal altitudes method is especially applicable in the Southern- 
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and sight as in the first operation. It is- not necessary to either take 
the time or read the angle when sighting at the mark. 

e. Loosen the upper motion, turn to the star, read and record the time 
and the A vernier reading, and altitude. This completes a single set of 
■ readings. At least two more sets are taken if there is any doubt about 
any one set. ' • 

191. Example of field notes 

The table on page 166 shows an example of the proper method of 
recording the field notes for a star observation: 

192. Computation 

- The computations for determining true north by the Polaris at any 
hour method is based on the formula: 

P sin LHA 

Bearmg = 

. Where P = Polar distance (determined from almanac) 
LHA = Local hour angle (computed from time) 
h = Altitude of star (measured with transit) 
The Greenwich hour angle of Polaris for hour Greenwich Civil lime 
is determined from the American Nautical Almanac and this Green- 
wich hour angle {GHA) is changed to local hour angle (LIIA) by cor- 
recting the GHA for time of observation and longitude of the position 
as in paragraph 193. 

193. Example 

An observation was made on Polaris at Camp Davis, N. C. (data 
taken from first set in par. 191). 

Date: 15 September 1943. 
-.Time: 16'^ 46'" 40« —10^ = 16'^ 46™ 30^ Eastern "War lime = 
20h 46m 30" Greenwich Civil Time. 

Latitude: 34° 30' north. 

Longitude: 77° 33' west. 

Angle: Star to Mark 65° 45' INIark right (East). 
Altitude of star: 33° 34' (measured with transit). 
Polar distance of Polaris 15 September 1943 by almanac « 90 
---88° 59' 33" = 1° 00.5' = 60.5'. 

a. To determine LHA. , . 
• GHA of Polaris 15 Sept 1943 at O*- GCT - 326' 35.6' (by almanac) 

Correction for 20 hours 46 minutes —312 21.2 

' (Determined from tables of correction 
following star tables in almanac) 

Correction for 30 seconds 

GIIA at time of observation = 039° 04.3' 

QUA —360" = 639° 04.3' —360° =279 04.3 



Longitude of position 
LHA at time of observation 



= 77° 33.0' west (subtract) 
=^20r 31.3' 

167 



Greenwich, Meridion 




^LHA , 



Stbr's hour Circl© 
or aOh 46m 309 



Stores hour ClrcJe 
at Oh GCT 




pigwre m. Local hmr angle. 
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Hemisphere because there is no bright star in the vicinity of the South 
Celestial Pole similar to Polaris in the Northern Hemisphere. The 
closest circumpolar stars in the Southern Hemisphere are about 20° or 
more from the celestial pole. The orbits of these stars are so large that 
a different method must be used from that used for Polaris. The equal 
altitudes method depends on observing a star when it is at the same 
altitude on each side of the observer's meridian. In figure 128, the 
south celestial pole is at P and the orbit of star is along the arc AB. A 
is the location of the star at the time of the first observation. At the 
time of the first observation the altitude h of the star and the horizontal 
' angle from a mark to the' star is measured. When the star has moved 
so that it has the same altitude at B as it had at A, the horizontal angle 
from the same mark as used in the first observation to the star is meas- 
ured. One half of the difference between the two horizontal angles will 
be the angle from the star to the horizontal projection of the celestial 
pole thereby defining a line from the observer to the point N which will . 




Figure 126. Diagram of angles. 
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bo true, uortli or .cmth, d^ending on wliich hemisphere the observer 
stationed. The method does not requiro the use of an alnmmic, prcri.e 
time or astronomical computations. However, the two <,^.rT^.,l .nn j 
must be made at least 6 or 8 hour, upari and a star iiru.t be .dealed 
that will bo. io n poBition to be observed befare dayhght agsm make, 
observation imitu^^Mble. 



^9Sm Procedure 

a. Leveling. The transit is set up over tiie ]>olnt from which an 
UKimnth is to be dctermiiiiHl An a.imutli mnvk s^et up Uuil tuc 
angle from the mark to the star may be measured. A fla. dight mounted 
exactly over a stake makes a convenient mark. Next sHect a .mi umi. 
ia roughJy 3 or 4 hours from lower culmination {directly below the polej 
and one that, may easily be identified 6 or 8 hours later. One of the 
«tars in the Big Dipper or Cassioj>eia is convenient m the JvortJiern 
Hemi.pliere. In the Southern Hemi.i-l..r.. Ar-lu-rnar, Canopu^. Acnix 
or Higd Kentaurus are mo-st convenient. A. the altitude of lie *^tar is 
the mo.t important reading to be made in this method, it |« f 
level the transit very precisely. Thi.s is d<mc by mean, of the te e«eope 
level Level the transit by means <.r tltc plate b.-bbl.. m the ci'j'tonmry 
Planner, then level the telesco|>. hy .entering the telescope level bul^e 
^vith the teleacope parallel to the line between two d.a.cma ly m^mi^ 
leveling screws. Rotate the telesco,>e 180^ If the bubb c does no 
remain centered, bring it halfway back by means of the slow motu n 
knob of the vertical motion and comi^lete the ccntenng of the bubble 
by the leveling screws directly below tiie telescope. Turn tbe teJes^mp 
BO that it is parallel to the other set of leveling screws and ; ' 

the telescope bubble by means of the vertical slow motion knob, Uouic 




Ph^iogruph oj^U^^ mar South CeUM P^- 
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the tebseope 180** about the vertical axis and recenter the telescope 
biibblp by a eombmation of the vertical motion and leveling screws as 
before. 

b, Anglh measurement. Siglit the telescope at the azimuth mark 

\\i<.\: (I, I- lun'izoiiiri! scalo set ut 0* and wifli the i![>iipr am! lower motions 
('huiilJi.'d. Ui:k:a,-e the upper motion and ai^hi upon tlie selected star. 
The star should be bisected by both cross hairs at the same time. The 
operation uf ihv tclof^fniso ni:iy Ik; simplified by (Iropping the horizontal 
cross luiiriS below the star nnd trufkiisg it in azimuth by the aluw niution 
of the upper horizontal plate until the star is bisected by the horizontal 
('rn^s Imir. Hi*- iimtHin is tlien sti)i>|K'd and the alfitiulc ;ui<r horiiioiital 
iitigit^ read and rt-TtirdiHl Sfvcrul siiccesHivc readings may be taken and 
recorded to allow an average to be made. This will give a more precise 
dt'(<'iiiiiiiati(m, Tlu- transit is tlien removed from iUv pofsition and 
phu'cd in ii fjjift; [jhice until the second observation is to be made. 

c. Second ok^krvation. Wlien the star has passed the observer's 
iin'ri(ii;m Mtid is a] qiroucliiii^j; llit^ sajiH' ultiludt.' on the iJlhcc side of its 
orljji. (ti or 8 huur.s latLM'), tiiQ ubsurver j>repures for the swsund observa- 
tion. Set the transit up over the same point as before and level the 
tr.'siLslt f)T( < i-rly :\< lucvioui^ly dcscrilu'il. Sot thu horixnnta! fsnale tn 
Kcro and ssight at tlie same azimuth mark aa before and clamp tlie Ittwer 
motion. Release the upper piate and set the lowest altitude previously 
r*'!id (HI fhf vi-rtical scale. Turn the tclescnpr iow:ird the sumt; atar 
^iKudin i\\v iiYfil set of obsicrvations and track it iu azi[nuth until the star 
is bijieeted by the horiKontal cro^s hair. Read and record the borisontal 
scule n'.'idiiifi. Thir- rcadliifi sfimtld bf- rcfordr^il opjyosifr." tlin litiriznntal 
reading made ini the Iir:^t obtiservation witli that altitude. The vertical 
scale is then set at the next higher altitude recorded and the star tracked 
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and angle read in the same manner. When readmgs have been taken 
at all altitudes measured on the first observation, the angle from the 
azimuth mark to true south (or north depending on the hemisphere) is 
computed. The angle from the azimuth mark to true south (or north) 
will be equal to the sum of the angular measurements divided by the 
number of angles measured. For example if only two angles were meas- 
ured, one when the star was right of the pole and one when it was eft 
of the pole, the sum of the two horizontal angles divided by two would 
give the average of the two which would be the angle from the azimuth 
mark to the pole. If one angle was right of the azimuth mark and on 
left the left angles should be given a minus sign and the ^^gebraic sum 
divided by the number of horizontal angles read Figure l-^^ a" 
exeerpt from a field notebook showing the manner of recording data and 
of computing the angle of true south. 

196. Summary 

This method ehminates any error due to index correction in t >e transit 
and any refraction error. The eomputations are purely ^nthm'-to 
and a knowledge of astronomy or possession of an almanac or prec^e 
time are mmecLsary. With careful instrumental work, *)> d-^^ ™ 
determined should be accurate within a minute of angle. Tl-^ "^"'"^ 
is inconvenient, as it requires set-ups or 8 hours apart and fond.jn^ 
make it impossible to complete the observat.ons. W.th P^^^^Tt 
familiar with celestial observations, or when time is not accurate, 
when an almanac is not available, this method is very valuable. 



Section V. ANY STAR-ALTITUDE METHOD 

197. General , , ^ r j 

The reconnaissance officer in the past has been in the '"b;' ''^d^P;"_f- 
ing on observations taken on Polaris because .t .s a star 
readily recognized. There are several disadvantages ™ J-enn-tUng such 
a habH to be formed, one of which is tha m global ^^^^'^ "° 
assurance that the star will be visible from the o ; ''™^^^"^. ^ 

a system is based on one star, the reconna.ssance <>^' \'' \'^^'^IZ 
be familiar with methods of f^'^Z^:::^::^^^^^^ 
one star may cause the system to fad. 1 le aiwuuc 
in any part of the world and is usable with any v.s.ble star « - »^ 
declination is known. It therefore requires '^^'"^^' .''l^^^^ 
and an almanac or tabulation of dechnafons. Tabic III, append.x , 
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has been made up to take the place of a Nautical Almanac f or use in thij 

attitude mC'Hiod iif ohservation. The Table i^ivrs tho right asccnision 
and. tlwlinatiaii of 2'3 principal navigational stars fur the years 1944 to 
1948. Chapter 14 presents methods of star identiication for the prin- 
pifial sliirs. With tliese ihiin, the r<M'(irin;iissaiK'(' ofTifef am wav the 
altitudi; tiicthod of ubserviition and need{j no iidditional data other than 
a map or knowledge of approximate latitude. 

198. Selection of star 

The altitude method of observation determines the azimuth of the 

star fj'tmi it^ aifitndo. Therefore, a star is seleotod that i^^ cliim^inK in 
altitude fainter than in aaimutlij no that an error in altitude makea a 
smaller error in azhnutb. This condition may be met by seleetinpf a 
star near the prime vertical of thf^ nljs(Tver. The prime vertical for an 
observer in North America is sliown in figure I'AO, Tlie jirime vertical 
is the vertical circle whose plane is perpendicular to the plane of the 
obsorverV iiierifliari. It cuts the nhserverV Itoriztm in tlie ea.st and west 
points. ThercJurc, a star alino.^t east or west of the observer is better 
for observation by the altitude method. The apparent altitude of a star 
is not the s-anie a?; the true altitude of a star because of refraction, 
liefraetiou euu;^eri a cele*itial bwily to appear higher than its true posi- 
tion. (See fig. 131.) It ia necessary to make a correction for refraction 
(HI altitudes iiieasurod fnr use with the altitude method. Kefraotion 
corrections beeonic uncertain hclow 20" altitude so that the observations 
should be made on stars higher than 20" above the horiaontal. Instni- 
nienhd errors are introduced when makin^c ob-^ereaf inns on sturs hl;;ln'r 
than 45°. Therefore the selected star should he siiniewhire between 
20** and 45* above horizontal and east or west of the position. The 




Figure Exct'rpt jmrn itultbooh. 
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limitation of position of stars for observation shown in A^"^^ ""''^ 

not be considered as limiting time for observation. \f ffi^'f."' 

of stars are available to have at least one in a favorable position at all 

times. 

199. Procedure , . , • j 

Set the transit up at the station from which an a^™""' is desired. 
Level the instrument precisely in the same manner "'.-lesoribed in c - 
tion IV for the equal altitudes method. Set up an a.imu h ma^k from 
which the horizontal angles are to be measured. Set 
scale to 0% sight on the a.iniuth mark and clamp the lowe mot on 
Release the upper motion and sight on the selected star. Ei e t the sta 
by both the horizontal and vertical_ci mfe^'^'' ^'"^ ',^]^Z'^ 
bisected percisely by both crossh^ur^^ <=J_ 

y - h ni AtiTomacIc and the avcrogo o t tU tj l ui mu 

200. Computation , , _^ 

The altitude method is based on two formulae, one for the Northern 
Hemisphere and one for the Southern Hemisphere. 
Northern Hemisphere: 

^ „ sin d — sin 4> sin h 
cos * cos h 
Southern Hemisphere: 

' ^ ^ _ sin 4> sin h — sin^ 

" Z -bearing froT elevated pole (North Pole in Northern 
~ Hemisphere, South Pole in Southern Hemisphere). 
* = Latitude (may be determined from map) . 
h - altitude (measured by transit). 

closest tenth of a minute for precise results. 

An obseraUon was made on the star Sirius (a Canis JUjorMn 2 
September 1944. The observed altitude was mean ejt „ 

The angle mark to star was 18' 52' "| ""/^.ttr ndlongi- 
latitude of the position of the observer wa 3^ 45 10 ^o" 
tude 29- 46' 30" east. The measured altitude must o 
refraction. The refraction correction, obtained from Table XXI, 

5-236, is determined as 1' 11" or 1.2'. always sub- 

39° 09' -1.2' - 39° 07.8' (The refraction correction is amay 

tracted) . 
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The follomng data aie now 






Corrected altitude (h) = 


39* 07.8' 




Latitude {«) — —31* 45' 10" (from map) 




Declination id) = —16' 38.2' (from table 111, app. X). 


sin *^ sin /; — sin d 
The formula is cos Z = ? 

cos * COS ft 








o 79 I'm 


log sin h = loii. f^in 39" 07.8' 




M si\nn<) 


Sum logs 




= y.5Jii9 


Value (natural) 






natural sin d — sin — 16* 38.2' 




= 0^28630 


Value 




= 004582 


log 0,04582 = 


8.66100 




log cos * = log c'of? 45.2' 




« 9.9295S 


log eos A — log^cos 39* 07^' 




— 9.88970 




—9.81928 


9.81928 


log COS Z ™ 


8,84178 





Z 86' 01.0' 

The value of Z is determined to be 86** Ot.O' Iidwi vit, Hip ;Lniu;li' ^Ki ' -j^.O' 
has the same logarithm. Therefore Z = 01.0' or 93° .59.0'. A 
comparison of declination of the star and latitude of the ohRcrvr^'K posi- 
tion wilt indiralc whether the bearing nw^lv \^ ovi^r in- muh-i !X)\ (See 
fig. 133,) The declination of the star (Siriiis) is* — Iti^ 38,2' and the 
latitude of the observer's position is — 35" 45' 10". Therefore, the 
observer's zenith has a position on the celestial sphere corresponding to 
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Wxqute 131. Effect of rejraclion. 



a declination of -35^ 45' 10". Therefore the star ibmn,) li^vloser to 
tlio cdt^stia! equator than is the nl)sn-v<'r's ^.onith. The s nr ^ '^^^"^^J' 
will then he ttuvard tlir equator and away from the p-ile. 1 J 
the bearing angle i. 93^ 59.0' rather than 86- 01.0'. Tlie wa. n.nn, 
at the time of observation, therefore il was in the c :t<t. I he beanng 
f'ompntefl from the ek-vated pob. The po.^itiuii ol tlie nh.erv<'r n 
^outli latiturle l)earing i. from the .oitth pole. Beannj^ n.ut.h H4 
59' cast. A eoraparison of dcelinAtion an,1 ta.ihide will alwu^. < - 
reetly hvWr.to the hearing being under iK^ when the deehaatum o a 
^lar'is nu>re than the latitude of tlie position. Howover, when the 
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declination of a star is less than the latitude of the position, and both 
are in the same hemisphere, the altitude of the star determines the 
bearing in some cases. The following table lists the lowest altitude at 
which a bearing will be greater than 90° for various combinations of 
latitude and declination of the same sign. In other words, an altitude 
lower than one listed for a given declination and latitude will yield a 
bearing less than 90° from the elevated pole. 

Tabulation of the lowest altitude of star in degrees, at \vhich a bearing will be 
greater than 90°, when declination of star is less than latitude of position. 



DECLIN*ATION IN DEGREES 
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 



2 


90 


90 


90 


90 


90 


90 


90 


90 


90 


90 


4 





30 


90 


90 


90 


90 


90 


90 


90 


90 


6 





19 


42 


90 


90 


90 


90 


90 


90 


90 


8 





14 


30 


49 


90 


90 


90 


90 


90 


90 


10 





11 


24 


37 


53 


90 


90 


90 


90 


90 


12 





10 


19 


30 


42 


56 


90 


90 


90 


90 


14 





8 


17 


26 


35 


46 


59 


90 


90 


90 


16 





7 


15 


22 


30 


39 


49 


t)l 


90 


90 



90 

90 90 ' 

68 90 90 ^ 

60 69 90 90 : 

54 61 70 90 90 1 

50 56 62 70 90 ' 

46 52 57 63 90 90 * ^ 

44 48 53 58 64 72 90 j 

41 45 49 54 59 65 73 90 ] 

39 43 47 51 55 60 66 73 90 . ] 

37 41 44 48 52 57 61 66 74 90 | 

36 39 42 46 50 53 58 62 G8 75 .1 

34 38 41 44 47 51 55 59 03 68 j 

33 36 39 42 45 49 52 56 GO 64 i 

32 34 38 41 44 46 50 53 58 60 t 

31 33 36 39 42 44 47 51 55 57 j 

30 32 34 38 41 42 45 49 52 53 ^ 

29 30 33 36 39 41 44 46 50 51 \ 

29 29 31 34 38 39 42 44 47 49 j 

28 29 30 32 36 38 41 42 44 46 i 



The' horizontal angle measured was 18° 52' and the star was right of ; 
the azimuth mark. The angles are shown in figure 136. i 

The azimuth mark is then at a bearing of 93° 59' -f- 18° 52' east of j 
south or S 112° 51' E. The azimuth of the mark is then 247° 09' from j 
south or 67° 09' from north. . -i 

i 
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36 


40 


45 


34 
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30 


33 


38 
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32 
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38 
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34 


38 


40 
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1— t 
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Figure m, Ccmparimi of observe/s zmUk md slur position. 



202. Summary 

Tin. mdhod dot-. iR.! rniuiiv prrri.. tinir. in fm-t m, lime ^ u.ed «is 
the date sufficient to determine tliu cJcdinaiion of tlic .htr. The com- 
putations do require tlie use of both natural aod luganthm.c functions 
of for simple solution or the u.o of natural functions and long 

band aiulliplication and division. However, the .omputatmnB .hoidd 
not be difficult for personuo! having a basis of elementars^ tripmomHl^ . 
The accuracy of this method depends upon the accuracy of the ui.tm- 



Figure m. B.Gnn&,eJ f^"^ 



S.79 



iiiiMit. in Tnca^iirins verticaf angJes and tlic competciK-c of thv. using 
poisoiiiici. With ail inslriinicnl in ^(lofi adjust incul. ami an oh^jcrvcr 
with ordiiiiij y sliili, !r>:ults sliuulfl \)v vtnTvvl u'jtliin t tiiiuutf (jf aiiglp. 
This siime met lien I o1" (>!)s('rv;ilj<)ii may \m ur^cd with the formula 
sentc'd in f-('ct\tin II, rliufilcr VS. Thr two ffintitilao art! [jn'scntcij In 
enable a rec-oniiiiift^janfc officer to ijelcct the formuia more i"ciidily tiam- 
puted by him. 



Seetlmi VI. ANY STAR^HOUR ANQLE METHOD 



203. General 

The simplest method of computatitLHi for observai inn- hv' the hour 
angle method h by use of the Ageton Formiilar. Tlir mti Farnnslac 
allfnv tiin t^ohition of ;iti oli-ri-\':i; inn by hiiiniil Imin' -ml ri\- 

secants multiplied by 100,000 no ihaL the fuiietiona ui iudM iingkn am 
in whole numbers. The Ageton tahles are F^iven in table TT, TM 5-236, 
and art' artnally iahl*'.^ of loLiiU'il liinif s(H-;iMi:- iunl (■( mI > itiuli.ii »lit'd 
by 100,000. If a slandani forni is used it iti jiof^siblc; to soivo ti t'uleritial 
dbserv'ation without knowinf^; the Ageton fnrrmilaf or nnderplaii fling 
their rlcrivation. Tn order tn fiimplify Iht- -^nlutiiMi. inul fit Ivi i |> the 
reconTiai:*sauec officer from Utliiig his mind with iHJiu-ssii riliiil infortjja- 
tion, the fonntdne and their derivation are not presenter! in this manual, 
Tfii' rniii|ilri(- flis(nis.«ioii (HI theory and dl■!■i^^■J( ii hj i- oicIoh fed in tht- 
Hydrographie Office Publieatioii No. 211, iJeail Kcckmjjng Altitudi' and 
Asimutli table by Agetun, for those officers interested in tlie theory tif 
the fannulae. Tlie solution by the Ageton method requires tiic local 
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hour angle of the star (hereby rcquirii.s « knowledfic <^ P'''"^}^'^ 

The staLa.. for. .h.-t .n.-i,,..,.. ^ 

celestial obscrv,itiari; however, rme sauipJe ^^J^^^'" ^y-^, ^ 
detail to an.plify the informat-ian given on the Btaadard fonn sheet. 

204. Theory . 

The watch to be «.ed in the observ^tio. i. checked -^'ith « ;;H™™«^^J 
o, bv radio ti„,e tn detemine the error of the ««tch ^''T;* 

«ond. In setting « watch it i. odvi.ablc to .set the mm, te hand so 
that it reads an even minute when the sccml ban. fia No 

attempt ahould be ru:A. .'t tl,e .eeond h.nd to 
as a correction to the watch time can be ea^Uy n.mle. T^,^ '» "^^ 
longitudB of the position are determmed to the closest ; 10 n mute for 
precise results. The hori.ont.l n.^rle from .be 
star is measured and the exact tin.e :a whieh the ..nele ^ 
recorded along with the horizontal angle. The ^ '' f^^t 

unnecessary by this I iM U,e vertical angle *" ' «J 'I."^* 

measured. The time of ui.« rvaU„n i.= change, to G™™' ' |^ 
and the Greenwich hour angle is determine,! for 'I'"' ' ' : 
Kaulica! Ah.mnae. .\ . n,n., li<.n for h.n.ilu.lc apphcd to f';^*-" 
Wieh hour angle to determine the local hour .i.glc. Tl.e local ho 
is entered on the form along ™th the declinal,o„ of the ^'j' - ' ; 

fr,„. ,l,e almanac. The lu.:uin, of """"'IZun d 

Aselon tables, table LI, TM ^m. and .lu. bearmg '^ "^bm^ w^h 
the angle U. the a.unuth mark fH.m the star to determine the tn.e m 
muth of the mark. 



HOUR ANGLES - 


1st S«t 


2nd Set 


3rd Set 


Tim* of Observation (0-24 hr») 




















Wolch Correction 




















Corrected Time of Obiervotion 




















Time Difference GreenwicI) 




















Greenwich Civil Time of Obtervotion 




















l-Greenwich H A. (Almonoc) 














2*Correction (hr« a mint ) 














3-Correction (seconds) 














4-G.H a: (Time of Observotion) '""a"! 














5-Lonflitude W(-) E(*) 














6-Algebroic Sum (4 8 5) ,V'o^,",j;? 














7-L.H.A. (-)or(*) ^T^'Xo"" 















AZIMUTH DETERMINATION 

(AGETON METHOD) 



STATION 
S 

MARK 



LONGITUDE 
LATITUDE 
WATCH 



DATE 

PLACE 

NAME 



RULES 



1- Give K some sign os declinotion (d).' 

2- Combine K and ^ (K'^). Add orithmeticolly if different signs. Subtract if some signs. 
3*Z ft beoring from elevoted pole (North pole in northern hemisphere, South pole In 

southern hemisphere) in direction of celestial body. (Indicated by L.H.A.) ■ 




GRID AZIMUTH I Bearing is WEST if L.H A. is (♦), EAST if L.H.A. is (-). 



Beoring (Z) Eost or West 



True Azimuth to 8 



Averoge Angle to Mork 



True Arimuth to Mork 



Meon True Azimuth to Mork 



Grid Oilrergence 



>Grid Azimuth to Mark 



Figure 137. Standard Ageton form. 
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STATfON 
S 

MARK 



fi71MV^^^ ftcTFBMtMATION 

(AGETON METHOO) 

DATE 

— iScH fesfam34SEC. 



NOV gyi„'Q42 




RULES :• 



Figure 138. Ageion form complete to Gremwkk CivU Time. 



2os. Procedure , , . 

Before mukinj, nn obsenmUon, rlu-ck the limekeepers watch ^vith 




Figure i^f. Load hour aii^ 
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to derive a standard Ume'. Establish an A ft" 

that is in a favorable position tl-t can Pos^^^^^^^^^ ^^^^ 
favorable for use in the hour °f J^^^ 
s northern hemisphere, South 'pale in 
southern hemisphere) in direction of celestiol body. (Indicated by L.H.A.) 



1 ANGLE 


1 ADD 


L 






IKED 




IkCJ : 


□ 


!■ 


L_ 


IGII5M5IE 


1 SUBTRACT 


i 


LJ_ 






□ 


■ 


L 


!■ 


in 


m 


in 


ID 


in 


ira 


ra 










1 SUBTRACT 


- 


□ 


■ 




n 


n 


10 




ID 


B 


m 


R 


0 






ID 


■ 


YA 


M 




rn 


H 


ID 


!■ 




MIIMU1I 


cs; 


w 


all 


wed 


ID 


■ 


w 


H 


w 


M 


m 


H 


!■ 


m 


■ 


■ 


■ 


■ 








!■ 


■ 


■ 


■ii 


UR 


fm 


xipm 


lEssratt&jui 




B 






■1 




YA 


Cl 


■ 






- 1 


“ 


r 


"1 


xmm. 






wwwwm. 





A 




YA 


Ml 


m 


11 


(il 


ID 


n 


m 


M 


r# 


!M 


i*i 


Irani 






A 














m 


^ j 


m 


IDE 


B 


Ti 


■ 


ID 


■ 


■ 


■ 


n 


\YA 


bl 


— ~ — 






A 


— 






- 






ID 


■ 


■ 


■ 


■ 


■ 


m 






wm 




m 


m 






_ 


_ 




_ 






ID 


■ 


■ 


■1 


■ 


■ 


5 


a 














A 














K- 


ID 


■ 




■1 


■ 


■ 


■ 


■ 
















■ 


■ 


■ 








A* 


K~*= 


B 


















■ 


■ 


— 






'wm 


* 


mm 


WY. 






hs 


A 














0 


■i 


m 


■ 








L.H.A. 






A 
















Z 2 * 


D 


■i 




■ 


m 


m 


■ 


d 






_B_ 














* 






□ 










m 




m 




A 














D 


m 


■ 


■1 


■; 


* 


m 


B 






□ 




z: 




A 














K= 


a 


■: 


■ 


■1 


H 












t 






















' 








□ 


■ 




■1 


■ 


m 




















h* 


A 






n 


■ 


m 




B 




















A 














1 GRID AZIMUTH I Bearing is WEST if L.H.A. is (♦), EAST 


if L.H.A. is (-). • ] 


Bearing (Z) East or West 


HI 


Ril 


mm 




* 


■* 


' • ' 




• . 


True Azimuth to S 


mi 


RSI 


IE31I 














Average Angle to Mark 


F7#l 


wm 


HI 














True Azimuth to Mark 


as i 


MPA 


IEHI 














Mean True Azimuth to Mark 










Grid Divergence 










Grid Azimuth to Mark 











Figure 143. Ageton table* computations. t 
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Greenwich Civil Time. Therefore, Greenwich Civil Time of the obser- 
vation was 23 h 29 m 31 s — 3 h 00 m 00 9 = 20 h 29 m 31 s . These data are 
entered on the standard form a part of which is shown completed in 
figure 138. The Greenwich hour angle of the star Procyon for 0 
Greenwich Civil Time, 25 November 1942, is determined from the 
Nautical Almanac star tables to be 309° 13.5'. Figure 139 shows the 
star at the time of observation, the position of the same star at 0 GCT, 
and the angle GHA shown in the almanac. The correction (or travel of 
the star) for the GCT of the observation 20 h 29 m 31 s is determined by t le 
correction tables in the Nautical Almanac following the star tables to 
be 308° 5.5' -f 7.8' or 308°13.3'. This travel or correction is shown 
in figure 140. The Greenwich hour angle for the star Procyon at the 



Figure 144 ■ Azimuth of line. 
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time of observation is equal to the sum of the GHA at 0 h GCT plus the ^ 
travel since 0 h GCT or | 

309° 13.5' + 308° 13.3' — 617° 26.8' 

The local hour angle for an observer east of Greenwich will be greater ; 
than the GHA because the star will have revolved farther at the eastern -j 
position than it would have appeared to an observer at Greenwich. The 
amount of difference is the difference in longitude between the two ; 
positions, in this case 44° 08.4', therefore, the longitude is added to the ; 
GHA to give the local hour angle or 617° 26.8' -j- 44° 08.4' = 661° 35.2'. , 
The angle 661° 35.2' is more than one complete revolution. For con- ’ 
venience 360° is subtracted from it to give the LHA of 301° 35.2'. This 
angle defines the position of the star from the observer’s meridian which ; 
is a position 58° 24.8' east of the observer’s meridian because it lacks 
that number of degrees of arc of being at the observer’s meridian. For . 
simplicity in computation the LHA is converted to an angle less than 
180°. An LHA of 301° 35.2' is the same LHA as —58° 24.8', obtained 
by subtracting 360°. This LHA is the one used in computations. The ; 
computations are shown in figure 142. The LHA, and the declination 
of the star (+ 5° 22.3') as determined from the almanac, are entered in 
the form in the space provided. The Ageton tables are used for the 
remainder of the computations. The completed Ageton computations 
are shown in figure 143. The A value corresponding to an LHA angle 
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of 58° 24.8' is found in the A column under 58° in the Ageton tables, 
table LI, TM 5-236, to be 6964. This value is entered in the second 
column opposite the LIIA space. The B value for an angle ( d ) of 5° 
22.3' which is 191 is entered in the second column opposite the “d space 
and the A value (102865) for the same angle is entered in the third 
column. Interpolation was necessary to get these values. The next A 
v alue in the second column is found by adding the A and B values 
above it to give an A value of 7155. This value may also be entered 
in the fifth column. The B value corresponding to an A value of 7155 
is found by finding the angle in the Ageton tables having an A value of 
7155 and finding the B value (27586) for this angle. This number is 
entered in the third and fourth columns. Going to the third column, 
subtract the B value from the A value to give a new A value (75279) in 
the third line. The angle having an A value of 75279 is found in the 
Ageton tables to be 10° 10.6' which is used as the value of K in the 
second column. K is given the same sign as the declination ( d ) of the 
star in this case, plus. Going to the second column the latitude ($) is 
entered under the K value. The value »of combined K and ^ 111 1 ttl ^ 

frttd. rn^ nrn n is found by ridding arrtl ettcati y the i allies uf K tllld 1 * 

K and aro of different signs uf su bti acting if they have the cam? 

The K and <E> value is entered in the third column and the B value 
for such an angle is entered in the fourth column. K and $ in this case 
6° 59.6' and the B value is 324. The two B values in the fourth 
eolumn are added to give a new A value of 27910. The angle having an 
A value of 27910 is determined in the tables and the B value (7030) 
Corresponding to this angle is entered in the fifth column. The B value 
m the fifth column is subtracted from the A value to give a new A value 
^f 125. The angle having an A value of 125 is found to be 94 20.7 
^hich is the angle Z. This value is entered in the bearing line in the 
Wer part of the form. The sign of the LHA was minus so the bearing 
is east of north. The Ageton system is always referred to the elevated 
pole, north in the Northern Hemisphere and south in the Southern Hem- 
isphere. The bearing is therefore North 94° 20.7' East. The azimuth 
°f a line having such a bearing is 94° 20.7'. (See fig. 144.) The angle 
the star from the mark was measured to be 20° 08' star right of mark. 
(See fig. 145.) The azimuth of the mark therefore is the azimuth of 
fhe star minus the angle from the star to the mark or 94° 20.7 20 

08' =, 74° 12.7' which is the true azimuth to the mark. Note that all 
instructions for procedure in determining signs and in making additions 
° r subtractions are entered on the form. 

^07. Summary 

This method is the most precise method presented in this manual, 
results depend on the accuracy of time, and, assuming careful instru- 
mental operation, upon the number of observations made to establish , 
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AZIMUTH DETERMINATION 

(AGETON methoo) 

ctation B 1 . . DATE MAY 2QJ 

S LONGITUDE 29 o 46 1 30 ,1 E^ place PQRTJ5L 

MARK luotMlZ: LATITUDE METnAUE UOKfflJjlSS 




Greenwich Civil Tima of Obaarvotion 



I -Greenwich H A. ( Almonoc) 



2-Correction (hr*. S min* ) 



rani 

UtMWjl 

fiTtlltTtl l 

IfST-fEBl! 



ITCIR! 

iphueeiI 




fiRID AZIMUTH! Bearing is WEST if L.H.A. is * (♦)* EAST if L. H.A. is (-). 

Bearing (Z^ East •> W ee* from South 13 4*1 48* 1 42" 1 1.3 5°| 37* I l 
True Azimuth to s from North 4S 1 1 I ^44[ _22_ J 



Average Angie to Mark 



True Azim uth to Uork 
Mean True Azimuth to Mark 

Gnd Divergence 

Grid. Azimuth to Mark 



iiiEiiuBui 



Figure 146, Sample computations, 
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an average angle. Average results should give an accuracy wi ln 
than one minute of angle. The disadvantages of this me 10 are 
time must be known within an accuracy of 6 seconds, 1 ^/' e ^ UirC * . 
almanac, and the computations are more complex t an a 
other methods. 
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CHAPTER 13 



SOLAR OBSERVATION 



Section I. HOUR ANGLE METHOD 
208. General 

a. As most surveying is clone by daylight, when observations on stars 
are impracticable, the reconnaissance officer should seize every chance 
to use observations on the sun, until he is confident of obtaining a reli- 
able azimuth at nearly any time the sun is visible. By following the 
correct principles, good azimuths may be secured the first day, and the 

, knack of making exact tangencies on the limbs of the sun will soon make 
possible results as close and reliable as those expected from the stars. 

b. The most favorable position of the sun for observation for azimuth 
is on Or near the prime vertical, due east or west of the observer. The 
sun is then moving most slowly in azimuth, and the horizontal angles 
are certain to be closer to the true angles. This holds good for both 
the altitude and hour angle methods, as in the latter, the instant of tan- 
gency can be more easily perceived and the effect of any error in time 
is minimized by the slowness of the movement. 

c. The prismatic eyepiece with the dark sunglass yields more accurate 
tangencies than can be obtained from the image intercepted on a card, 
but it requires practice for the observer to become adept in observing 
with the eyepiece. If no colored glass prismatic eyepiece is available, 
the sun’s image must be projected on a piece of white paper held 2 or 3 
inches behind the eyepiece, instead of sighting on the sun direct. This 
is accomplished by turning the telescope on the sun and adjusting .the 
eyepiece until the image of the cross hairs shows up clearly across the 
image of the sun’s disk on the paper. 

d. Exact focus on a hand-held card is difficult to maintain and at the 
moment of tangency the image of the cross hair disappears from the field. 
Finally, in order to focus the image sharply on the card, the eyepiece 
has to be thrown out of focus with the attendant danger of residual 
parallax when sighting at the mark through the telescope. However, 
it is felt that for the observer with little experience, observations made 
with a hand-held card offer less chance of error than observations with 
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the use of the prismatic eyepiece and the accuracy obtained is well 
within the allowable limits of error. 

209. Observation off sun, field work 

a. Center the instrument over the station and level carefully. Do not 
change the leveling during a single set of readings. Attac tie ar ' 
glass over the prismatic eyepiece if used, and check the para ax a jus 
ment. Point telescope at the sun and focus the image of the sun to s aip 
definition. Note the apparent direction of movement of the sun r °ug 1 
the prismatic eyepiece, and call that direction west. In t e o owing 
directions for an observation on the sun, it is assumed that a prisma ic 
eyepiece is not available and a w r hite card is used, on which is projec 

the image of the sun and cross hairs. , 

b. With telescope -direct and the A vernier set to zero, sight on tne 
azimuth mark using the lower motion. The leveling screws, ower mo 
tion, and the lightly clamped horizontal axis are not a tere un 1 

set of two observations has been completed. 

c. Unclamp the upper horizontal plate and point on t le sun w 1 
Vertical wire slightly ahead of the sun. Hold the white car e nn 
eyepiece of the telescope, moving it slightly if necessary o ma e 
image of the sun show up clearly. Adjust the eyepiece un 1 ie , in \. , 
of the cross hairs shows up definitely across the image o ie sun s 

on the paper. Move the telescope until the image ° ] o ccn 
zontal cross hair roughly bisects the projected image o t ic - un - 

d. Keeping the image of the sun roughly bisected by t ie cen er \o 
zontal wire, traverse the transit by means of the upper s ow mo ion s . 
Until the vertical cross hair falls a little west of the wes 1m 

sun’s image, and call “Ready.” At the instant the 1 ” iage ° uc 1 

vertical hair, call “Take.” The exact time is recorded, and 

nier is read and recorded. Keeping the image roug i y 1SCC e . 

fore, allow the sun to move across the field of the te cscope 

vertical cross hair falls on the east limb of the sun s image, re 

exact time of the contact. Between 2 and S mmutes are requ 

the sun to move across the vertical cross hair. unng 

transit must not be moved in azimuth. nrir i 

e. Undamp the .ower horironta. 

again sight on the mark as in b above. No r < g 

/. Unclamp the upper horizontal plate and again sight on the sun 
with the transit reversed, exactly as done in the first measu 

cording the reading as before. tnkon 

g. This completes one set of readings. Two additional s 

and readings recorded. The mean of the t.mes of P ointra S “ th ? ^or 
limbs of the sun correspond to the readings on the horizontal . 
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the center of the image of the sun. The average time and angle for 
each set are recorded opposite the word “average.” 

h. This system of “doubling” the angle is the same as the system of 
measuring angles used in transit traverse work. The advantage gained 
by using this system of measuring the angle is that all errors in adjust- 
ment of the instrument, except that of the level bubble, are neutralized 
and the mean average angle obtained is an accurate angle. 

i. There are various other methods of measuring the horizontal angle 
from the mark to the sun or stellar body, but this system is considered 
the simplest and chances for error in recording are less than in other 
methods used. 

210. Example of field notes — Solar 

The following is an example of the proper method of recording the 
field notes for a solar observation: 

Station: B z Watch: 3 min 16 sec fast 

Mark: Buoy No. 1 Estimated LIIA (check) : 3 hours 

Date: 20 May 1942 Latitude: 31° 45' 10" South 

Place: Port St. John, S. Africa Longitude: 29° 46' 30" East 



Point 

sighted 


Time AM 


Time 

mean 


Vernier 

A 


Angle 


West 

limb 


East 

limb 


1st set 


II M S 


II M S 


II M S 






Mark (D) 








0° 00' 




Sun (D) 


8 59 28 


9 02 28 


9 00 58 


40° 38' 


40° 38' 


Mark (R) 












Sun (R) 


9 08 29 


9 11 28 


9 09 58 


83° 03' 


83° 03' 


• 




Average 


9 05 28 




41° 31' 30" 


2d set 












Mark (D) 








0° 00' 




Sun (D) 


9 06 08 


9 09 03 


9 07 36 


41° 55' 


41° 55' 


Mark (R) 












Sun (R) 


9 10 09 


9 13 01 


9 11 35 


84° 39' 


84° 39' 


1 




Average 


9 09 36 




42° 19' 30" 


3d set 












Mark (D) 








0° 00' 




Sun (D) 


9 08 59 


9 11 48 


9 10 24 


42° 26' 


42° 26' 


Mark (R) 












Sun (R) 


9 13 57 


9 16 43 


9 15 20 


85° 59' 


85° 59' 






Average 


9 12 52 




42° 59' 30" 
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211. Example of azimuth determination by solar 

I ^I SoI e w is an example of the complete computations of grid azimuth 
using the hour angle method, Ageton formulas and tab es. or a e 
tailed explanation of procedure, of solving by the Ageton ta es wi 
the Ageton form see section VI, chapter 12. The Ageton formulae 
are advantageous to use in the solution of sun observations as ong as 
the computer performs the operations in the prescribed manner and 
keeps in mind certain rules; however, an erroneous lesu t may e o 
tained without the knowledge of the computer unless certain rules are 
kept in mind. These general rules may be used as a c ec o 

polution to preclude an erroneous solution. . r 

a. North is given a plus (+) sign when referring to latitu e or ec 1 

nation, and south is given a minus sign ( ). _ 

b. When LHA is 90°, K is 90°, and when LHA is greater than 90 , 
K is greater than 90°. This is always true and will give no rou 

c. Z is the bearing of the celestial body from the elevated pole (North , 
Pole in the Northern Hemisphere, South Pole in the Southern Heims- 



Phere). , ' 

d. Z is always greater than 90% except when K has the same sign as 

and is greater than the latitude. Note that the suns declination may 
change appreciably during the observation. . 

e. To acquire the accuracy required for azimuth determina ion, in 
polation must be made in the tables to obtain proper va ues. 



Section II. ALTITUDE METHOD 



12. General , 

The movement of the sun and its change in declination ^ aS _ ,. • 

section II, chapter 10. The altitude method of solar o sc 
ised on the polar distance of the sun (90” -declination o sun) the 
titude of the position, and the altitude of the sun above tl.e homontah 
he declination of the sun is dependent upon the a e an i > 
e declination change is relatively slow as compare o im ’ p 
not as critical in this method as it is with the hour ang e m< , w ;thout 
Is reason the time may be in error as much as 15 minutes 
suiting in erroneous results. The declination is c crml 
autical Almanac, and the latitude of the position is d . term.ned from 
map or some navigational method to the closest tenth of a minute. 

m AC? 



The altitude of the sun is measured by the transit, and is corrected for 
refraction, and in precise work for parallax. 

4 • 

213. Parallax 

Parallax is the error in a measured altitude caused by the observer 
being on the surface of the earth rather than at its center. With stellar 
observations the parallax correction is infinitely small and so is ignored. 
However, the sun is much closer to the earth than the stars so that the 
altitude of the sun measured from a point on the earth’s surface is Hot 
the same as if measured from the center of the earth. The effect of 
parallax is to make the sun’s measured altitude loivrr than it would be 
if measured from the center of the earth. (See fig. 147.) The correc- 
tion for parallax is given in table XXII, TM 5-236. As the maximum 
correction for parallax is 9 seconds of angle and as a 1 -minute transit 
cannot measure angles closer than 10" by repetition, the parallax cor- 
rection is not used except in cases where precise methods are used. 

214. Refraction 

Refraction is caused by the bending of the light rays as they enter 
the earth’s atmosphere. The effect of refraction is to make a celestial 
body appear higher than it actually is. (See fig. 131.) The refraction 
corrections are given in table XXI, TM 5-236. The effect of refraction 
is opposite in sign from that of parallax as shown in figure 148. 

215. Polar distance • 

Polar distance is the distance of the celestial body in degrees and min- 
utes of arc from the celestial pole. It is equal to 90° minus the decli- 




Figure 147 • Parallax correction lor solar observation. 
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nation of the body. The declination of the sun is given for each 2 hours 
(J f time throughout the year in the sun tables of the Nautical Almanac. 
An error of 5 minutes in time cannot cause more than a 1. 10-minute 
t'rror in azimuth because of the change in declination in the 5-minute 

period. 

216. Method of observation 

T he observer must use more care in observation by the altitude method 
1-ban is necessary with the hour angle method because the suns image 
jntist be tangent to both cross hairs at the same time. The sun's image 
* s so large as seen through a transit that precise setting on the centei of 
the sun is impracticable. Therefore, two observations arc made and 
the average is the same as if the telescope had been pointed at the center. 
(See fig. 149.) In order to get the two cross hairs tangent at the same 
time it is best to set one cross hair in an advanced position on the sun s 
in iage and keep the other cross hair tangent to the image by the slow 
Motion screw. At the instant both cross hairs are tangent to the image, 
Ihe motion of the telescope is stopped and the time, the vertical angles. 
;,f id horizontal angles are recorded. Figure 150 shows the direction of 
Movement of the sun’s image and method of obtaining tangenev. An 
observation always includes two settings with the sun’s image in opi*>- 
s 'te quadrants, the average of which gives the setting that would have 
been made if the transit lias been sighted at the suns center. Figuri 
] ol shows the quadrants to he used in morning and afternoon observa- 
tio ns in the Northern Hemisphere. Note that in each case, one cross 
bair is set in an advanced position to allow the sun s movement to inusi 
langency. For an observation in the Southern Hemisphere an observer 
oiu.st use different quadrants. The proper quadrant to use is deter- 
ln incd by logic and not by memory. 




Figure 1/,S. Comparison oj refraction and parallax. 
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I'iyurc 140, Setting 0 ) crus s hairs on image. 



217. Procedure 

Set up the transit at the point from which an azimuth is to be deter 
mined. Set up an azimuth mark. Level the transit by the plate bub- 
bles and then level the transit precisely by means of the telescope level 
in the same manner as described in section IV, chapter 12. 1 he suns 

imago may be viewed by using a colored glass or piece of film over the 
objective lens of the telescope as shown in figure 153, or the image may 
be projected onto a card held 3" to (>" back of the eyepiece and focussing 
the telescope so that the cross hairs are clearly defined. (See fig. 154.) 
The observer turns the telescope onto the sun by observing the card and 
determines, by the movement of the sun’s image on the card, which 
quadrants to use. The quadrants are selected so that the image of the 
sun is leaving one cross hair and approaching the other. The A vernier 
is set to zero and the telescope sighted on the azimuth mark with the 
lower motion. The upper motion is then released and the telescope 
(direct) sighted on the sun by means of the card. (Some transits are 
provided with a prismatic eyepiece with a colored glass. With these 
transits the card is unnecessary.) When the sun is sighted, clamp the 
upper motion. The sun's image is brought into the selected quadrant 




Figure 160. Method uj making cross hairs tangent to sun's image. 
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Figure 151. Quadrants used for sighting t>un. 

by operating the upper horizontal and vertical slow motion ‘ r 

multaneously. The image is set tangent to one cro» un ai ‘ q 

to make contact with the other cross hair by its own 
side of tlie image is kept tangent to one cross hair >> own 

screw until the image becomes tangent to the ot u i cro. 1 instant of 
movement. All movement of the transit is stopped at the m^an 
tangency and the time of the observation and reaHm^ o he t ertteal 
and horizontal verniers arc recorded. Two more o '’! ina . direct. 

and recorded using the same quadrant aw " 1 ' 11 telescope is 

The time is recorded only for the first observation. Jhe tcdesco,* m 

then reversed and three more observations arc made us g 
quadrant for the sun’s image. The time is recorded on the t obser 
vation. In following the progress of the sun’s 

reversed, the image is followed by the mo'cnu m ^ comp i ete 

the first set of observations as shown in tignn . • * , anine( j . m( ] 

set of readings arc made on the sun, the upper motion is un '• 

the azimuth mark sighted with the telescope still “me 

zontal scale should read 180" when sighted on the 

If it does not, it indicates that the lower motion has been moved 

the observation is repeated. 







Figure 164- Use of card in sighting on sun, 
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Figure 165. Method of jollowing sun's movement. 



218. Notes 

Figure 156 shows a notebook made up ready f ,,r an obsenato 
Flic place of observation, the latitude and longitude of t ns P°- 1 1 ” 
and the date are entered in the notebook immediately . 1C 101 1Z . n t 
angles and vertical angles measured arc entered in tin noti H ’° ,l 
with the time of the first and last observation. The a\ crage ime 
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average angles arc then computed remembering that the reversed read- 
ings are 180° greater than the true reading. (See fig. 157.) 



219. Computation 

The mean values are itemized for convenience. In this case they are: 
Mean time of observation = I O' 1 34.3 rn 
Mean horizontal angle = 100° 14' 

Mean vertical angle — 20° 40' 

Tho mean vertical angle must be corrected for refraction and parallax 
to obtain true altitude. The corrections for refraction and parallax 
are determined from tables XXI and XXII, TM 5-236. The correc- 
tions in this example arc: 

Refraction correction = — 2' 33" 

Parallax correction = +08" 

(Refraction correction is always minus and parallax correction is always 
plus.) The corrected altitude will then be: 



20° 46' —2' 33" + 08" = 20° 43' 35" — 20° 43.0' 

Tho computations for the sun observations by the altitude method are 
based on the formula: /■ , 

T .. 0 

cos y 2 z 



uji uusci vuuuuo ijy mu; uiutiuiu met 
-J COS S COS (.S — v) c 

Z “7 , ; - ■ O' 

| cos <1> cos h 



Z = bearing from elevated pole 

5 =* Vz (?) + * + h ) 

V = polar distance = 90° — declination of sun 
4> = latitude .of position 
h = true altitude of sun 




■M 36*00’ OH 

i ~ 

HR uvescov* 

HI TO _ —■ ' r 

D -s i* 






A VfcftA 0 t 



Figure 107. Completed notebook. 
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The Greenwich Civil Time of observation must be i determined in order 
to find the declination of the sun at the time of o se rva lon * 4m 20 , 

servation was made at 10 h 34 m 20 s Eastern War ime or ° 

Eastern Standard Time. The longitude of the position was 
so the time was the standard time for the 75 men ian. 

75° -r- 15° = 5 

Greenwich time is then 5 hours different from the standard ti 
Position. Greenwich is east so that the sun will pass Greenw before 
it does the position ; so Greenwich time is later. ere ore 

added to get Greenwich Civil Time. 

9 h 34 m 20 s Eastern Standard Time 
-f-5 h 00 m 00 s Time correction 
14 h 34 m 20 s = Greenwich Civil Time 

(See fig. 158.) 



Using the Greenwich Civil Time of observation, the tehnatmn of tte 
sun is determined to be -22* 53.6' from the sun tables of the Naut.cal 
Almanac. Polar distance ( p ) — 90° declination 

90° ( — 22° 53.6')= H2° 53.6 ^ 

Latitude (4>) = 36° 00.0' N or + 36° 00.0' 

Altitude ( h ) = 20° 43.6 

44 - 4 ? 




8.95645 

9.94560 

0.09204 

0.02906 



19.02315 



T a 1/ 7 9.02315 

Log cos V 2 6 

i/ 2 Z = 83° 56.7 
Z —A. CZ2-&T&- 



ie observation was ma de in AM «un was 

is made in Northern Hemisphere s<^ angle meas- ' ‘ 

imuth of sun from station . G(1 ,a: nn 3 = 167° 

ed was so the as.muth to_StatmnJ_ 



i. «». — 

I. declination oi the cun and at the ,5”,'™, ™ K ithout causing a laege 
ie time may be in error as much as 1 5 precision in 

ror in azimuth. This method requires a higher deg 
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Eastern War Time * IO h 34 m 20 s 
Correction to Standard Time * — I^OO 01 00 s 
Longitude to Greenwich * + 5^00 m 00 s 
Greenwich Civil Time of observation* 14^ 34 m 20 s 

ti 

[Greenwich 



9h oo m e.S.T.* 
IO h OO m E W.T. 



Figure 158. Estimation uj time. 



instrumental work inasmuch as tangency must he made to both cross 
hairs but the method is not too difficult after a little experience is gained. 
Reversal of the telescope corrects for most of the errors of adjustment 
that might be present in the instrument. The results of this method of 
observation should be within one minute of true azimuth if correctly 
performed. The formula presented in section V, chapter 12, may be 
used for this type of observation in the same way as the one used here. 
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CHAPTER 14 



STAR IDENTIFICATION 



221. General 

It is necessary that the reconnaissance officer be able to positively 
identify several of the brightest stars in conducting azimuth determina- 
tion. The method presented enables him to positively identify all t le 
first magnitude (brightest) stars so that he is able to determine azimut 1 
ey en though the stars visible are unfamiliar and Polaris is below t le 
horizon. This method depends on learning to recognize three or four 
Primary constellations and using them as a guide for locating other stars. 
The most readily recognized constellations are Ursa Major (The lg 
-dipper), Cassiopeia, Orion, Scorpio, The Square of Pegasus and rux 
(The Southern Cross). Orion, Scorpio, and The Square of Iegasus 
ar e visible from either hemisphere but the others are visible mam y m 
their respective hemisphere. By recognizing the constellations near t e 
celestial equator a reconnaissance officer can use them as, a guide in 
locating new stars when he is stationed in an unfamiliar hemisp ere. 

*222. Star chart units 

Star identification may be simplified by the use of a star chart. Most 
star charts are laid off in units of sidereal time (star time) or right 
Ascension of stars, and declination. Thus, to read the star chart, . rs 
I ^necessary to determine sidereal time. Sidereal time was exp aine 
I Sidereal time is not the same as standard time (your wa c i 

time corrected for 24-hour time and war time) but gains progressive y 
throughout the year at such a rate that a complete 24-hour a y * s 
Sained in each year. However, by the use of the chart in gure , 
the sidereal time may be readily determined for any hour o. start ar 
time for any day of any month of any year. The sidereal time, e er 
^ined is an approximation due to the small size of the chart, u is su 
ciently accurate for determining star location. - 

223. Determination of sidereal time 

Using the sidereal time chart in figure 159, mark a point on Mie 
. fi n e (date scale) that represents the day of the month on w ic ie si 

* Paragraphs 222 to 237, inclusive, copyright by George Mynor Hays. 



205 



DATE 



real time is to be determined.' Then mark a point on the right line * 
(civil time scale) that represents the local standard time (your watch , 
time minus 1 hour if war time is used) expressed in 24-hour time calcu- \ 
lated from midnight to midnight. Lay a straightedge between the two j 
marks on the left and right line and read from the middle line (sidereal } 
time scale) at the point where the straightedge crosses the middle line, j 
This gives the sidereal time with which to read the star chart. 



-p JAN 

--FEB 

— MAR 

— APR 

-7 MAY 

— JUN 
-ljUL 

-AUG 

— SEP 
-7OGT 

— NOV 
--DEC 



UJ 

2 

•— 

-J 

< 

UJ 

cr 

UJ 

o 

</> 



o 

4 

H8 

12 

r 16 

r 20 

-24 

1-4 

r6 

j-12 

r 16 

i-20 

--24 



Figure 159. Sidereal time chart. 
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224. Star chart . 

The star chart (fig. 160) is similar to the star chart inc u e m e 
American Nautical Almanac. Sidereal time is used to oca ® ^ n0 
south line passing through the zenith (the point in the s T irec ^ 0 
your head) on either chart. The sidereal time indicates e lour 
corresponding to the observer’s meridian at that time. y c erm 
the sidereal time, the portion of the chart on the north-sou i me 
the observer’s position is indicated, thus enabling the o server 0 
for a collection of stars matching the constellation s own on 



adjacent to his position. .. , . j. 

b. The star chart (fig. 160) shows only prominent cons e a ions 
include the best stars for observations for azimut e ermina ^ 
There are so many first magnitude (brightest) stars t a an °v S . 
will rarely be tempted to use second or third magnitu e ( immer 



for observation. , . , I 

c. The star chart includes stars of all declinations. n 0 se , . 

40 degrees north latitude is able to see stars 40 beyon e * 10T 

tial pole and 50° below the celestial equator. Simi ar. uni s o 
vation hold true for other latitudes. The princip e is l us ra 



d. The observer’s zenith may be located on the nor i sou i 

by using the latitude of the place of observation as t ie ec in , 

the observer’s zenith. In other words, an observer at nor i 
will observe a star of 40° north declination directly over lea w 

star reaches his meridian. (See fig. 161.) . ., . 

e. The star chart is plotted by a cylindrical projection simi 

Mercator projection for world maps. This projection causes g ‘ 
tortion around the poles but is sufficiently accurate rom . 

65° south of the Equator. For this reason, while mos o 1 

the star chart are shown in their true relative positions, ° ‘ cmcm _ 
parently not in proper relation to the Big Dipper. 1 ^ , ,, 

bered, however, that the entire top line is the North e es ia > 
if this line is shrunk to a single point, Polaris will be m h 
pointers of the Big Dipper. Figure 162 shows t e proper chart 
of stars in the vidnity of the North Celestial Pole 
shows relative positions of the stars usually used for 0 
There are no bright stars in the vicinity of the South CclesUal Pole .0 

that a special chart is unnecessary. ' ^ or 

/. The dotted lines on the star chart indicate lines to be jo^ctcd^ 

prominent figures to look for in the sky. Since t ie si e ^ c . an j 
cates the stars that may be expected on the line roug com _ 

the observer’s zenith, the problem of star identifica ion is 
plicated than the matching of topographic detai s wi 1 a j 

g. As an example, assume that the sidereal time is 0 ^ j “ 
observer is in the Northern Hemisphere, and the sta 
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Figure 160. Star chart (part 1. ). 
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Figure 160. Star chart ( part 2). 
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declination 









almost overhead, ^elooks firstT^the" Nort^Sto^P^r’ °d 

ufy‘T e ; elztfll'f: a 1 c° wcstend 0f C *^"o 

to the distance from Polaris tfcLsiop^ This line will ^Tf ° qUa ‘ 

s .ixr.-s- b - S st 

Andromeda. Now usinc theZm, " ’fV* Part ° f U ‘ e constel,a tion 
the eastern side southward 

side of the square will locate Fomalhaut at a distaff threl li^f^ 



NORTH CELESTIAL 



POLE 




SOUTH CELESTIAL 
POLE 



Figure 161 . Relation of latitude of podlion to dedination of zenith. 
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length of the square south of the “Square of Pegasus.” Other lines 
shown in the star chart may be projected from constellation to con- 
stellation in a similar manner. 




Figure 162. Constellations in vicinity of North Celestial Pole. 
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CHAPTER 15 



USE OF BEARING CHARTS FOR ORIENTATION 
FOR ARTILLERY 



225. General 

The hearing charts may be used to orient guns and fire control equip- 
ment by sighting the materiel on the leading edge of the sun and cor- 
star'n® ^ rad ‘ US ° f * he SUn (16 minutes * or ■'>' sighting on a known 

226. Procedure 

. When using the bearing charts for this purpose, a future time is 
selected at which time all elements of a coordinated defense will orient 
some one piece of fire control equipment by sighting at the leading edge 
o the sun or at a star previously selected. Each element of the defense 
is given the bearing of the celestial body at the predetermined time 
prior to the time for orientation. After the basic fire control instrument 
selected for orientation (usually a director or BC telescope in antiair- 
craft artillery aiming circle for a field artillery) has been oriented on 
he celestial body the guns are oriented by keeping the fire control 
instrument sighted on the same celestial body and setting the guns at 
such an azimuth and elevation that the celestial body will apparently 
cross their line of sight. At the instant that the leading edge of the 
sun or the star reaches the point that is in line with the center of the 
bore of the gun, the azimuth read on the fire control instrument is trans- 
erred to the azimuth circle of the gun and the gun is then oriented 
Each gun may be oriented with the fire control instrument in the same 

W£iy» 

227. Parallax 

comnnHt Ct ^ ^ '.f 68113 ' bod y is at an infinite distance makes any 
computation for parallax unnecessary as the parallax is zero. 

228. Accuracy 

The accuracy of this method of orientation is of a considerably higher 
degree than may be expected by a survey using ordinary field survey 
methods and equipment. The bearing charts may only be expected to 
be accurate within one degree in the case of the sun and from one to 



the° G ^ rees .* n case star chart depending on the altitude of 

e star. High altitudes are less precise than observations on stars at 
6 ativeJ y ^ ow angles. However, for a coordinated defense the inaccu- 
racy of the chart does not cause an error between elements of the unit, 
nasmuch as higher headquarters has computed the bearing of the celes- 
] a ody for a predetermined time, all elements will be oriented in the 
same direction with the same amount of basic error. The result is that 
e ements are coordinated precisely but the unit as a whole may have 
error of 1° or 2°. If opportunity is afforded to make a precise deter- 
mination of azimuth the basic error may be determined and a flat cor- 
rec ion be applied to all elements to hold the coordination but to correct 
°r the basic error involved by use of the charts. 

229. Coordination ‘ 



another unit is to be coordinated with the original unit, an oriented 
re control instrument of the original unit may be sighted to follow a 
certain celestial body. The new unit may designate a certain instru- 
ment of their unit to sight on the same celestial body. At a specified 
jme the reading of the instrument of the original unit is transferred to 
e new unit to orient the instrument of the new unit. Orientation is 
ien completed, within the new unit in the same way as previously 
described. 



230. Orienting lines 

. use °f this method will enable an organization to establish orient- 
j n g lines for all elements, without the necessity of survey and consequent 
°ss of time, or some form of registration fire and resulting betrayal of 
'Position. 

231. Instruments 

This method may be used on materiel with open sights as. well as 
e escopic sights and in special instances some form of alidade may be 
Used for orientation. 



213 



CHAPTER 16 



OBSERVATIONS FOR LATITUDE 



Section I. GENERAL 

232. Relationships 

An observer standing on the north terrestrial pole would have the 
North Celestial Pole directly overhead or the North Celestial Pole would 
be his zenith. The altitude of the North Celestial Pole for this observer 
would be 90” and his latitude would also be 90”. If this observer 
moved to the Equator the North Celestial Pole would appear to be on 
his north horizon. The altitude of the pole would then be 0 . Figure 
J61 illustrates the relationships for the observer’s zenith, the altitude 
of the North Celestial Pole and the latitude of his position. The lati- 
tude of the observer is always indicated by the altitude of the celes la 
pole above the observer’s horizon. In figure 161, the pole is 40 above 
the horizon so that the latitude of his position is 40 . 

233. Refraction 

A measured altitude of a star must always be corrected for refraction 
as explained in paragraph 214. Refraction causes the star to appear 
higher than it really is. Refraction corrections are contained in table 

XXI, TM 5-236. 

234. Polaris 

The star Polaris has an orbit of about 1° radius about the Nort 1 
Celestial Pole. If the position of Polaris with respect to the North 
Celestial Pole is known, the altitude of Polaris may be measured and 
the altitude of the North Celestial Pole can be computed. Observations 
for latitude in the Northern Hemisphere are usually based on the star 
Polaris because of its convenient position, and because the computa- 
tions are more simple than methods using other celestial bodies. 

235. Culmination 

The celestial sphere apparently revolves around the earth so that any 
point on the sphere passes the observer’s meridian twice during one 
revolution of the sphere. The time when the point on the sphere crosses 
he observer’s meridian is the time of culmination. Upper culmination 
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is the crossing of the upper half of the o s ' observe r’s meridian, 

culmination is the crossing of the lower ha o are v } s ible in 

"The upper and lower culmination of stars near D olar distances 

all but very low latitudes; however stars having g trans it of the 

are usually visible only at upper culmination (upper 
uieridian) . 



Section II. POLARIS AT CULMINATION 



236. General • +' or lower culmi - 

Polaris may be observed at either upper ^ m . ir *V re> -\yhen Polaris ‘ 
nation in most localities in the Northern emis rpj iere f ore> a meas- 
is at upper culmination, the star is above t e po e . nat - Qn WO uld be 
Ured altitude to Polaris at the time oi upp - t j ie amount of 

greater than the altitude of the North Ce es ia t he altitude of 

the polar distance of Polaris. Therefore, y ® ‘ t j ng this measured 
Polaris at the time of upper culmination and ^ altitu de of 

altitude by the amount of refraction for tha . ’ obtained. The 

the highest point of travel of Polaris aronnd its orbit 




Figure 163. 
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latitude of the position from which the observation was made is deter- 
mined by subtracting the polar distance of Polaris from the true alti- 
tude of Polaris at the time of upper culmination. Conversely, the polar 
distance will be added to the true altitude of Polaris when the star is 
at lower culmination. 

*237. Determination of time of culmination 

a. The times of culminations of Polaris are listed in the American 
Nautical Almanac. How r ever, if this is not available, the star may be 
observed at culmination by sighting a telescope on the star and observ- 
ing the highest point of its travel for upper culmination, or the lowest 
point of its travel for lower culmination. The approximate time of 
culmination for any particular date may be determined from the bear- 
ing chart of the stars, chart II, sheet I (app. I). This chart may be 
used to determine the local civil time of culmination.' Upper culmina- 
tion will occur at about 01:45 sidereal time (the true sidereal time will 
vary from 01:44:02 to 01:46:41 in the year 1944 and the average side r 
real time will be about 27 seconds later for each succeeding year). 
However, if the correct time is assumed to be 0145, it will only entail 
following the course of the star for a minute or two longer to be sure 
that the highest point of the orbit has been reached. 

b. Assuming the time of upper culmination to be 0145 local sidereal 
time, turn to sheet I, chart II (app. I) and select the point on line C 
corresponding to the date of the year. Lay a straightedge from this 
point through the point o'f line B corresponding to local sidereal time 
of 0145. The local civil time of upper culmination will be indicated on 
line A at the point of crossing of the straightedge. The local civil time 
may be changed to Greenwich Civil Time by the use of table I. 

c. The time of lower culmination may be determined in the same way 
as upper culmination. The time of lower culmination is approximately 
1345 local sidereal time. The local sidereal time used on chart II will 
then be 1345 for lower culmination and 0145 for upper culmination. 

238. Example 

a. A reconnaissance officer decides to make an observation for latitude 
on 10 February 1944 using the star Polaris at culmination. No almanac 
is available. To determine the time of culmination he turns to chart II 
and lays a straightedge through the point on line C corresponding to 
10 February and through 0145 local sidereal time on line B. The 
straightedge intersects line A at 1632 local civil time. This will be the 
time of upper culmination. However the sun is still above the horizon 
at 1632 so that Polaris is invisible. Therefore he uses chart II to deter- 
mine the time of low^er culmination. Laying the straightedge from 11 
February (lower culmination will be after midnight 10 February) on 

♦Paragraphs 237 to 242, inclusive, copyright by George Mynor Hays. 
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line C through 1345 local sidereal time on line B, the straightedege inter- 
sects line A at 0437 local civil time. The time of lower cu m V\ , 
is then 0437 local civil time. To change this time to his wa c 
uses table I (app. I). The reconnaissance officer knows hls lo g 
to be about 51° east. 51° longitude is closer to the 45 men 
to the 60° meridian. Therefore standard time would be ia o ^ 

meridian. 51“ -45° - 6°. 6“ according to table J .s equ.va ent to 

24 minutes of time. This 24 minutes is to be adde or su ^ eag j. 
the local civil time to obtain standard time. 51 eas 1S ar ^ 0 

than 45° east, therefore 51° east would have a later time ia ^ ^ 
meridian. Therefore, standard time will be less than t e na j s _ 

0437 —0024 = 0413 standard time for 45° meridian, the r tion 
sance officer will then set up his instrument for ma ^ in ® ’ e .°.. s t an d- 

a few minutes prior to 0413 standard .time. The time ^ 1S n cUion. 
ard time of lower culmination of Polaris for the observer s P 

6. The observer sets up the transit and turns the te escop ^ey 
star Polaris and sets the horizontal and vertical cross air s 
bisect the star. The star should appear to travel horizon a a j titude . 
horizontal cross hair and after a few minutes begin o rl f or an 

The lowest observed altitude should be the measure a 




observation at lower culmination. The observed altitude in this case 
was 42° 31'. This altitude must be corrected for refraction by table 
XXI TM 5-236. 

Observed altitude = 42° 31' 

Correction for refraction = 01' 

Corrected altitude = 42° 30' 

c. The polar distance of Polaris must be added to the corrected alti- 
tude of the star to give the altitude of the North Celestial Pole. 

d. The polar distance of Polaris according to the American Nautical 
Almanac for 10 February 1944 is 90° — 89° 00' 09.4" — 0° 59' 50.6". 

e. The polar distance by the table of mean polar distances of Polaris 
(par. 188) is 1° 00' 03". 

/. As the transit measures angles only to the closest minute, the polar 
distance will be used only to the closest minute or 1° 00' will be used. 
Corrected altitude of Polaris = 42° 30' 

Polar distance of Polaris — 1° 00' 

Latitude of position = 43° 30' North 

Note: The polar distance was added to the altitude of Polaris because Polaris 

was observed at lower culmination making the North Celestial Pole above Polaris. 



Section III. LATITUDE BY A SOUTHERN OR 
NORTHERN STAR 



239. General 

Latitude may be determined very easily by observing a star at its 
upper culmination and measuring the altitude at that time. The star 
will usually be a southern star in the Northern Hemisphere, and a 
northern star for an observer in the Southern Hemisphere, as such a star 
will be conveniently located for observation when at upper culmination. 
The declination of the star must be known and may be determined from 
table III (app. I). The time of culmination can be determined within 
a few minutes by means of the Bearing Chart of the Stars. 

240. Selection of star 

The star selected is dependent upon the time at which an observation 
is desired and the date of the year. An approximate time (standard 
time) is selected at which an observation is desired and the sidereal 
time corresponding to the selected standard time and date is determined 
by sheet I, chart II (app. I). A star is then selected that is in the 
opposite hemisphere (north or south) from the observer or near the 
celestial equator and which has a right ascension closest numerically to 
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the sidereal time. Having selected the star, use the hours and minutes 
of right ascension of that star listed in table III as t e 10U j 
minutes of sidereal time for determining the local civil time on s ^ ^ 
chart II. Right ascension in hours and minutes, for a given s ^ ^ 
same as the sidereal time of upper culmination of that star, 
may, therefore, be used to select the best star for observa ion a 
Used to determine the approximate time of upper culmma 10 

241. Theory ag the 

a. The latitude of a position has been shown to be the sa me 
altitude of the celestial pole above the horizon of this posi 1 . zQn 
observer’s zenith is at an altitude of 90° above the o se . rve 

and the celestial equator is at an angle of 90° from t e me q 0 _ 

the celestial poles. Since the angle subtended by the ar< ^ ] e be- 

Latitude is included in both these 90° angles, there ore 1 a j°^ 0 the 

tween the celestial equator and the observer’s zenith is a so 

latitude as shown in figure 163. hserver in the 

b. Assuming a southern star is to be observed by an 0 0 f the 

northern hemisphere Co-Latitude will be equal to t ie a ' ^. Qn the 

star at its highest point or upper culmination plus the dec i 

star as shown in figure 164. northern star 

c. If the observer is in the Northern Hemisphere an 



ZENITH 




Figure 165. • 
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is to be observed, the Co-Latitude will be equal to the altitude of the 
star minus the declination of the star as shown in figure 165. Having 
obtained the Co-Latitude of the position, subtracting this from 90° will 
give the latitude. 

242. Example 

a. A reconnaissance officer desires to determine the latitude of a posi- 
tion on 10 March 1944. The most convenient time 'is 2000 or 2100. 
Turning to sheet I, chart II, appendix I, he lays a straightedge from 10 
March on line “C” to 2100 on line A and sees that the sidereal time shown 
on line B is about 8 hours. Turning to table III, he finds a star having 
a right ascension of about 8 hours and not too far from the celestial 
equator, that is a star having a small declination or one in the opposite 
hemisphere (in this case southern). He finds the star Pollux to be 
closest to 8 hours right ascension but the declination is rather large. 
However Procyon has a right ascension of 7 hr 36 rain and a declination of 
only -f- 5° 22.1' which is about right for his purpose. Now using the 
7hr 3 6 min h e turns to s h ee t ^ c h art jj, and ] ayg & s t ra i g htedge from 7 h L 
36 min on line B to 10 March on line C and reads the local civil time from 
line A as 2033. 2033 will then be the local civil time of upper culmina- 
tion of the star Procyon on 10 March. Now his approximate longitude 
is known to be about 81° west. 81° west is closest to the 75° west time 
zone meridian so his meridian will be 6° west of the standard time meri- 
dian. 6° longitude according to table I, is equal to 24 minutes of time. 
His local civil time will-be 24 minutes different from the standard time. 
He is west of the standard time zone meridian (75°) which means the sun 
will pass the 75° meridian before it will pass his meridian (81°) so the 
75° meridian will have a later time. Therefore the 24 minutes must be 
added to his local civil time to obtain the standard time. The standard 
time of upper culmination will then be the local civil time (2033) plus 
24 minutes correction or 2057 standard time. 

b. A few minutes before 2057 the reconnaissance officer sets up the 
transit and sights the star Procyon setting the horizontal cross hair ex- 
actly on the star. The star is followed until it begins to drop below the 
horizontal cross hair. The highest elevation reached by the star is read 
on the vertical scale of the transit and recorded. The observation was 
made in the Northern Hemisphere and as the star’s declination is -f 5° 
22.1', the star is a northern star as shown in figure 165. The altitude 
was measured to be 36° 47'. The Co-Latitude will be 36° 47' —5° 22' 

31° 25'. The latitude will be 90° — 31° 25' = 58° 35' north. This 
method is only as accurate as the least reading of the transit so that 
the determination is only to the closest minute of latitude. 
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^APPENDIX I 



CHARTS AND TABLES 



CHART I 

1- Method of use of bearing chart of the sun 

a. The bearing chart of the sun is based on a knowledge of the 

latitude of the place of observation within 1°, the longitude of the p ace 
within 1 or 2 minutes if possible, the Greenwich Civil Time wit nn an 
accuracy of 1 or 2 minutes, and the date of the year. The average 
error of azimuth determination by the use of this chart shou no 
exceed 1°. ' , 

b. To use the chart, the observer’s watch should be checked so 
Greenwich Civil Time at any instant may be known. The Greenwic i 
C ivil Time is then changed to local civil time by means of Tab e • 
the observer’s position is east of the Greenwich meridian the longi u e 
conversion time should be added to Greenwich Civil Time an con^ 
versely if the position is west of the Greenwich meridian, the time s iou 
be subtracted. The local civil time is then changed to local apparen^ 
time by adding algebraically the minutes of time indicated in ta e 
for the date of observation. 

c. An itemization of values should then be made for known ac ors 
as follows: 

Latitude = 

Apparent time = 

Date. = _ , , 

d. Locate the proper date on line “ A ” and connect this point wi 

point on line “C” corresponding to the apparent time. Read t e re 
ence No. M , on line “B” at the intersection of the straight line conne 
ing lines “A” and “C.” . . , , Qr 

e. With the reference No. M, so obtained, turn to sheet I • 
subtract the latitude of the place of observation to the reference °’j. nc 
(The rules for determining whether to add or subtract are given on 
“B”) Locate the point on line “D” corresponding to the antime i ^ 
sum of M and the latitude. With a straight line, connect this pom 
point on line “F” corresponding to the value of reference No. 

* Appendix I, Copyright by George Mynor Hays. . 
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intersection of this straight line with line “E” will give the value of 
reference No. P. 

/■ Turn to sheet III. Using a straightedge connect the point on line 
“■ E ” corresponding to the value of reference No. P with the point indi- 
cating the apparent time of the observation on line “IIP 

g. The point of crossing of this line with line “G” indicates the bear- 
ing of the sun. The angles read from 1' to 179° 59'. Values under 
90° are only possible when the reference No. M was added to the latitude 
and their sum was less than 90°. The bearing is always measured from 
the elevated pole (south in the Southern Hemisphere and north in the 
Northern Hemisphere) and the bearing is east for morning observations 
and west for afternoon observations. 

2. Methods of use cf bearing chart in high latitudes 

■ In high latitudes, there are periods of the year when the sun may be 
visible between 1800 (6 pm) and 0600 (6 am). The times listed on the 
chart are only for 0604 to 1756. When a bearing is desired between 
1800 and 0600, the chart may be used to determine the bearing by the 
following rules: 




b. On line "D” subtract reference No. M from latitude instead of the 
rules as shown on chart. 



c. The bearing will always be under 90° when the time is between 
1800 and 0600. 

3. Sample problem using chart I 



Required : Bearing of the sun at Camp Davis, North Carolina. 



Given: Time, 


1000 Eastern War Time. 


Date, 


17 May 1943. 


Latitude, 


34° North (closest degree). 


Longitude, 
Solution : 


77° 33' West (closest minute). 


1000 


Eastern War Time 


—100 


for war time 


0900 


Eastern Standard Time 


+500 


(EST is 75° or fifth time zone time) 


1400 


Greenwich Civil Time 




Correction for longitude 77° 33' West by table I 
= 5 hr 08 min + 2 min 12 sec = 5 hr 10 min 12 sec 
(disregard seconds). 


-510 


(Sun passed Greenwich before it passed us so 




Greenwich time is later than ours.) 


0850 


Local civil time 


+ 4 


(By table II for 17 May) 


0854 


Local apparent time 
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Set straightedge (a thread makes a good straightedge for use on the 
chart) at interpolated position of 17 May on line “A,” and 8:54 on line 
"C.” Reference No. M is read on line “B” to be 63°. 

63° Reference No. M 

-}-34 0 Latitude 

. 97° (Add because of rule shown on line “D”) 

Connect 97° on line “D” with 63° (reference No. M) on line “F ” 
and read reference No. P on line “E” to be 78.8. 

Connect 78.8 on line “E” with 8:54 (apparent time) on line “H,” and' 
read the bearing of the sun from line “G.” The bearing indicated is 97° 
30' or 82° 30'. By the rules given on line “G” the bearing is known to 
be north 97° 30' east. (True bearing by Hydrographic Office Publica- 
tion No. 71 is M 97° 19' E.) 

Table II. Correction in minutes to convert to apparent time. 



Date 



MONTH 


1 1 1 


2 I 


3 1 


4 1 


5 1 


6 I 


7 1 


8 1 


9 I 


10 I 


11 1 


12 | 


13 | 14 | 


15 | 


16 


Jan 


1 -3 1 


-41 


-4 1 


-5 1 


-5 1 


-5 1 


-6( 


-6 1 


-7 j 


-7 j 


-8 j 


-8| 


-8 1 -9 1 


-9 1 


-9 


Feb 


|-14| 


-14 1 


-14 1 


-14 1 


-14 1 


-14 1 


-14 1 


-14 1 


-14 1 


-14 1 


-14 1 


-141 


-14 | -14 1 


-14 1- 


-14 


Mar 


|-13| 


-12 1 


-12 1 


-12 1 


-12 1 


-12 1 


-11| 


-11| 


-11 1 


-11 1 


-10 1 


-10 1 


-10|-10| 


“9 1 


-9 


Apr 


1 ~4| 


-4 j 


-4 1 


-3| 


-3 1 


-3| 


-31 


-2 1 


-2 1 


-2 1 


-1 1 


-1| 


-11 -11 


_JhL 


0 


May 


1 +3| 


+3| 


+3| 


+31 


+3 j 


+3| 


+3| 


+4 1 


+4 1 


+4 1 


+4 1 


+4 1 


+4 1 +4) 


+4 1 


+4 


June 


1 +3 1 


+2 1 


+2| 


+2 1 


+2 1 


+2| 


+2 1 


+1| 


+1| 


+1| 


+1| 


+1 1 


0| 0| 


o| 


0 


July 


1 -3| 


-4| 


-4 1 


-41 


-4 1 


-41 


-5| 


-5 1 


-5 1 


-5 1 


-5| 


-5 1 


-5 1 -6| 


-6| 


-6 


Aug 


1 -6| 


-6| 


-61 


-61 


-6| 


-6| 


-6| 


-6 1 


~6| 


-51 


-5 1 


-5| 


-5| -5 | 


-5| 


-4 


Sep 


1 o| 


0| 


o| 


+H 


+1 1 


+1| 


+2 1 


+2 1 


+2 1 


+3 1 


+3| 


+3| 


+4 1 +4| 


+4 1 


+5 


Oct 


l+io| 


+10 1 


+H| 


+111 


+11 1 


+H| 


+12 1 


+12 1 


+12 1 


+13 1 +13 1 


+13 1 


+13 |+14 |+14 |+14 


Nov 


1+161 


+16 1 


+16 1 


+16 1 


+16 1 


+16 1 


+16 1 


+16 | +16 | 


+16 1 


+16 1 


+16 1 


+16|+16| 


+16 1 


+15 


Dec 


1+11 1 


+11 1 


+11 1 


+10 1 


+10 1 


+9 1 


+91 


+9 1 


+81 


+8| 


+7 1 


+71 


+6| +6 ( 


+5 1 


+5 
















Da 


TE 
















MONTH 


1 17 | 


18 | 


19 | 


20 | 


21 I 


22 | 


23 | 


24 | 


25 | 


26 | 


27 | 


28 | 


29 | 30 | 


31 I 




Jan 


l-ioi 


- 10 | 


—10 1 


- 11 | 


-H| 


-HI 


-12 | 


-12 | 


-12 1 


-12 1 


— 13 1 


- 13 | 


— 13 | — 13 | 


- 13 1 




Feb 


|- 14 | 


-14 j 


- 14 ) 


- 14 ! 


-14 j 


-14 ! 


-14 | 


- 13 ) 


- 13 1 


- 13 ) 


- 13 1 


-131 


-131 1 






Mar 


1 - 9 | 


- 9 | 


- 8 | 


-81 


- 8 | 


- 7 | 


- 7 1 


- 7 1 


-6 1 


-6 1 


-6 1 


- 5 | 


- 5 | - 5 | 


- 5 | 




Apr 


1 o | 


0 | 


+ 1 | 


+ 1 | 


+ 1 | 


+ 1 | 


+ 1 ! 


+2 1 


+2 1 


+2 1 


+2 1 


+2 1 


+31 +31 


1 




May 


1 + 4 1 


+ 4 1 


+ 4 1 


+ 4 1 


+ 4 1 


+ 4 1 


+ 4 ! 


+ 3 1 


+ 3 | 


+3 1 


+ 3 | 


+ 3 | 


+3 | +3 | 


+ 3 1 




June 


1 o | 


- 1 | 


-11 


- 1 | 


- 1 | 


-2 1 


-2 1 


-2 1 


- 2 | 


-2 1 


- 3 | 


- 3 1 


- 3 | - 3 | 


L 




July 


1 - 6 | 


-6 j 


- 6 | 


-61 


- 6 | 


-6 1 


-6 1 


- 6 | 


- 6 | 


— 6 | 


-6 1 


- 6 | 


- 6 | -61 


1 




Aug 


1 - 4 1 


- 4 1 


- 4 1 


- 4 1 


- 3 1 


- 3 | 


-3 [ 


-3 


-2 1 


— 2 | 


-2 1 


-2 1 


- 1 | - 1 | 


-11 




Sep 


1 + 5 | 


+ 5 1 


+6 1 


+6 1 


+ 6 ) 


+ 7 | 


+ 7 1 


+ 8 ! 


+ 8 | 


+ 8 | 


+ 9 | 


+ 9 | 


+ 9 1 + 10 | 


1 




Oct 


1 + 14 | 


+ 15 1 


+ 15 1 


+ 15 1 


+ 15 1 


+ 15 ) 


+15 [ 


+ 16 ) 


+16 1 


+16 1 


+161 


+16 1 


+ 16 |+ 16 | 


+ 16 ) 




Nov 


1 + 15 | 


+ 15 1 


+ 15 1 


+151 


+ 14 1 


+ 14 1 


+14 [ 


+ 14 |+ 13 | 


+ 13 1 


+ 13 1 


+12 1 


+ 12 |+ 12 | 


1 




Dec 


1 + 4 1 


+ 4 ) 


+31 


+ 3 ! 


+2 1 


+2 I 


+ 1 | 


+ 1 | 


o| 


o| 


-H 


-11 


-2 j -2 j 


- 3 1 





MAR 21 



SEP 23 




SE p 24 MAR 20 



SEP 25 MAR 19 



SEP 26 



SEP 27 MAR 16 

SEP 28 MAR 17 
SEP 29 MAR 16 

w SEP 30 MAR 14 

K 

< 

Q OCT | MAR 13 
OCT 2 MAR 12 
OCT 3 MAR II 
OCT 5 MAR 10 
OCT 6 MAR 8 
OCT 8 MAR 7 
OCT 9 MAR 6 

OCT 12 MAR 4 
OCT 14 MAR | 
OCT 17 FEB 26 
OCT 20 FEB 24 
OCT 22 FEB 21 
OCT 25 FE8 IB 
OCT 28 FEB 15 
OCT 31 FEB 12 
NOV 3 FEB 9 
NOV 7 FEB 6 
NOV 10 FEB 3 
NOV 14 JAN 30 
NOV IS JAN 26 
NOV 22 JAN 22 
NOV 27 JAN 17 
OCC 3 JAN II 
OCC 12 JAN I 
• OEC 22 ; 



(A) 

- MAR 22 SEP 22 

- MAR 23 

- MAR 24 SEP 21 

- MAR 25 SEP 20 

- SEP 19 



MAR 26 SEP 18 
MAR 27 SEP 17 

MAR 29 SEP 16 
MAR 30 SEP 14 
MAR 31 SEP 13 
APR 2 SEP 12 
APR 3 SEP 10 
APR **4 SEP 9 
APR 6 SEP B 

APR 8 SEP 5 
APR II SEP 2 
APR 14 AUG 31 
APR 16 AUG 28 
APR 19 AUG 25 
APR 22 AUG 22 
APR 25 AUG 19 
APR 28 AUG 16 
MAT I AUG 13 
MAT 5 AUG 9 
MAY 8 AUG 6 
MAY 12 AUG 2 
MAY 16 JUL 2» 
MAY 21 JUL 24 
MAY 26 JUL IS 
JON I JUL 12 
JUN 10 JUL 3 
1 JUN 22 





(0 



12:00 ' _M 2 : 00 




13 00 

1400 

1420 

14 40 
1500 
I 5 20 
1540 
16 00 
I 620 

16 40 
I 7 00 

I 7 20 
17:24 
1728 
17:32 
1736 
17:40 

17:44 

17:48 

17:52 



I 7:56 



* 

Chart I. Bearing chart of the sun 







CHART II 



4. Methods of use of the bearing chart of the stars 

a. The bearing chart of the stars is based on knowledge of the lati- 

tude of the place of observation within 1°, the longitude of the place 
within 1 or 2 minutes if possible, the Greenwich Civil Time within an 
accuracy of 1 or 2 minutes, and the date of the year. The average 
err ° r i ° 1 f / “™ uth determination by the use of this chart should not ex- • 
Ceed 1/2 ; • flocwftgs takcPHW stirs relnWhr nln™ hnrirnn imt ( u 

moj^ prmse than bpiring^ on stats that are noat - fheir hightest altitu dj Q / 

b. To use the chart, the observer’s watch should be checked so that 
reenwich Civil Time at any instant may be known. The Greenwich 
iviI Time is changed to local civil time by means of table I If the 

observers position is east of the Greenwich meridian the longitude ' 
conversion time should be added to Greenwich Civil Time and con- 
versely if the position is west of the Greenwich meridian, the time 
should be subtracted. 

c. An itemization of values should be made for known factors as 
lollows: 

Latitude ==* 

Local civil time = 

Date = , ; 

Local sidereal time = 

Star name « 

Local hour angle = 

Reference No. M s ; 

Combined M and L = I 

;{ 

Reference No. P = . „ 

Bearing = * ‘ "j 

d. Starting with the given data, latitude, date, and local civil time 5 

turn to sheet I, connect point on line “A” corresponding to the local civil • 

time, by a straightedge, with the point on line “C” corresponding to the I 
data Read the local sidereal time from line “B” at the intersection of 1 
line B and the straightedge. . - I 

t G ’ J 1 !™ t0 S ^ Get 11 End USmg the Iocal sidereal time found on sheet j 

1, and the name of the star, connect the points on line “D” and line “F” I 

with a straightedge and read the local hour angle at the intersection of i 
iine and the straightedge. . ! 

/. Turn to sheet III and using the local hour angle just found, connect i 
the point on line O ’ corresponding to the star name by means of a 
straightedge with the point on line “J” corresponding to the local hour i 

and line”“£f” d N °’ M ** the intersecti on of the straightedge j 



g Turn to sheet IV and add or subtract the latitude of the position 
to reference No. M as shown by the rules on line K. 

h Connect the point on line “K” corresponding to the combined refer- 
ence No. M and latitude by a straightedge with the point on line “M” 
corresponding to reference No. ill. Head reference No. P at the inter- 

• section of hue “L” and the straightedge. . 

i Turn to sheet V and connect the point on line “L” corresponding to 
reference No. P by a straightedge with the point on line “0” correspon- 
in<y to the local hour angle found on sheet II. Read the bearing of the 
star at the intersection of line “N” and the straightedge. The bearing 

* ^ iU be from the elevated pole (North Pole in the Northern Hemisphere, 
South Pole in the Southern Hemisphere) and will be east or west of 

, nor t h as indicated on line “E,” sheet II. The bearing will be under 90° 
onhj w hen latitude is added to reference No. M and sum is less than 

90°. 



5. Sample problem using chart II 

, a A battalion reconnaissance officer decides to orient the materiel of 
a o-un battalion on the star Fomalhaut. The date is 20 September 1943 
and the time at which he expects to be ready for orientation is 0400. 
His position is known to be at latitude 15° south, longitude 60° 28' west. 

5 . To determine the bearing of the star at the desired time he uses 
the bearing chart of the. stars. He makes a tabulation of the known 
data as follows: 

Time = 0400 (Standard) 

Date = 20 September 
Latitude = 15° South 



Longitude = G0° 28' West 
c . /TgafctCTTTTino the loenl t' iix ^ ^ 1L t^bld*!. 



-ao ne -)- 



-6400 



^ / Standard Timo (00 - 

‘^0° 1 1 {5 i nni'i'pf 1 ' " 1,1 ChTuirwrch tarmr 



-0406- 



Greenwich is east of his position; the sun passes Greenwich before it 
does his position, so Greenwich must have -a later time. 

Standard time = 0400 

Correction to Greenwich time = +0400 

Greenwich Civil Time = 0800 



From table I : 

00° = 4 hr. 00 min. 

28' = l m 52 s = 02 min. 

4 hr. 02 min. 

Correction to local civil time = — 0402 



Local civil time = 0358 



d. Using the lical civil time 0358 and date 20 September, enter the 
chart on line A and 



Connect On line 

0358 A 

0347 D 

Fomalhaut G 

in Southern Hemisphere 
15 + 27 = 42°. 

42° K 

46.5 U 



To On line 

Sept. 20 c 

Fomalhaut F 



Read On line 

03:47 B 



usim 



73° W E 

73° J M — 27° IJ 

Southern Star add latitude 15° to il7 (27°) for line K. 



M - 27° M 

LHA = 73° O 



P = 46.5 
63° 



L 

N 



e. The bearing is under C0° because the latitude was added to refer- 
ence No. M and the sum was under 90° (see rules on line N). The 
bearing is from the south as the position is in the Southern Hemisphere. 
1 he bearing is toward the west as indicated on line E. 

f. Therefore, the bearing of the star is south 63° west according to 
the chart. (True bearing according to Hydrographic Office Publication 
No. 214 is S 63° 14' W.) 
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Table 111 - Apparent places oj 23 main stars jor the period 1944-1948 
(In right ascension and declination) 



ALPHERATZ 

a of 

Andromeda 

Mag. 2.2 



DENEB KAITOS 

jS of 
Cetus 
Mag. 2.2 



ACHERNAR 

a of 

Eridanu9 
Mag. 0.6 



ALDEBARAN 

a of 
Taurus 
Mag. 1.1 



RI6EL 

/3 of 
Orion 
Mag. 0.3 



CAPELLA 

a of 
Auriga 
Mag. 0.2 














Table III. ( Continued.) 





ACRUX 

a of 
Crux 
Mug. 1.1 


SPICA 

a of 
Virgo , 
Mag. 1.2 


AifCTURUS 

a of 
Bootes 
Mag. 0.2 


RICEL KENT 

a of 

Centaurus 
Mag. 0.3 


ANTARES 

a of 
Scorpio 
Mag. 1.2 


VEGA 

a of 
Lyra 
Mag. 0.1 


Date 


J,a. 


Decl. 


ita.l 


Decl. I 


ila.l 


Decl. 


ia. 


Decl. 


R.a. 


Decl. 


+1. 


Decl. 


1944 




o / 




o / 




o t 




O f 




O t 




0 t 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 


a 

fcO 

CO 

CM 

•fl 

CM 


—62 46.9 
—62 47.0 
—62 47.2 
—62 47.4 
—62 47.5 
—62 47.6 
—62 47.7 
—62 47.6 
—62 47.5 
—62 47.4 
—62 47.3 
—62 47.2 


a 

CM 

CM 

CM 

x: 

CO 


—10 52.1 
—10 52.2 
—10 52.2 
—10 52.3 
—10 52.3 
—10 52.3 
—10 52.3 
—10 52.3 
—10 52.2 
—10 52.2 
—10 52.2 
—10 52.3 


s 

c6 


+ 19 28.4 
+ 19 28.3 
+ 19 28.2 
+ 19 28.3 
+ 19 28.3 
+ 19 28.4 
+ 19 28.5 
+ 19 28.5 
+ 19 28.5 
+19 28.4 
+19 28.3 
+19 28.2 


a 

GO 

lO 

CO 

x: 

rf 


—60 35.9 
—60 36.0 
—60 36.1 
—60 36.2 
—60 36.4 
—60 36.5 
—60 36.6 
—60 36.6 
—60 36.6 
—60 36.5 
—60 36.3 
—60 36.2 


a 
Q 
c 6 
CM 

xi 

CO 


—26 18.4 
—26 18.5 
—26 18.5 
—26 18.5 
—26 18.6 
—26 18.6 
—26 18.6 
—26 18.6 
—26 18.6 
—26 18.6 
—26 18.6 
—26 18.6 


a 

o 

lo 

CO 

XI 

GO 


+38 43.9 
+38 43.7 
+38 43.6 
+38 43.6 
+38 43.7 
+38 43.8 
+38 43.9 
+38 44.1 
+38 44.2 
+38 44.2 . 
+38 44.2 
+38 44.1 


1945 




| 


■ 


o t 




o / 




O t 


■ 


O t 




O t 


Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
• Sep. 
Oct. 
Nov 
Dec. 


a 

AO 

CO 

CM 

.C 

CM 

T“ < 


—62 47.3 
—62 47.4 
—62 47.6 
—62 47.8 
-62 47.9 
—62 48.0 
—62 48.1 
—62 48.0 
—62 47.9 
—62 47.8 
—62 47.7 
—62 47 .6 


a 

cq 

CM 

CM 

x: 

CO 


m i & • 
B9 l * i 

B l 

1ft i * 


s 

H 

CO 

y—i 

Xi 

r— * 


+ 19 28.1 
+ 19 28.0 
+ 19 27.9 
+ 19 28.0 
+ 19 28.0 
+ 19 28.1 
+ 19 28.2 
+ 19 282 
+ 19 28.2 
+ 19 28.1 
+ 19 28X 
+ 19 27J 


a 

GO 

CO 

T-H 


—60 36.2 
—60 36.3 
—60 36.4 
—60 36.5 
—60 36.7 
—60 36.8 
—60 36.9 
—60 36.9 
—60 36 9 
—60 36.S 
— 60 36.6 
—60 36 .£ 


I 


—26 18.6 
—26 18.7 
—26 18.7 
—26 18.7 
—26 18.8 
—26 18.8 
—26 18.8 
—26 18.8 
—26 18.S 
— 26 18.8 
—26 18.8 
| — 26 18.8 


»o 

CO 

5o 


+38 43.9 
+38 43.7 
+38 43.6 
+38 43.6 
+38 43.7 
+38 43.8 
+38 43.9 
+38 44.1 
+38 44.2 
+3844.2 
+38 44.2 
+38 44.1 




















Using Northern Star, add I 






Chart IL Bearing chart of the stars 






northern southern 

STARS | STARS 

PROCYON -| 



betelgeux ■ 



denebola 

MARKAB' 

aldebaran ~ - SRtIUS 



POLLUX . 

alpheratz 



DENES . 

capella 



DENEB KAITOS 



CANOPUS 



• R>GEL KENTAURUS 
■ ACRUX 










( 0 ) 
i* — 
itf - 
20 ' — 
s a - 
*o' - 
- 

2 — 
y— 

y-z 

- 6*~3 • 

r~ 

8 * -~ 

,r-i 

15*— | 

. 1 
20* -3 

25 *-= 

30 * 

35* -I 
40* -i 
45* -| 
50* -g 
55* -3 ;* 
60* -| 
65* ~ 

70* -§ 
75* -I 



80 *-^ 
81 * —3 
82* -3 
83* 

84 * -3 
85 *-^ 




sor \ 

^ 1 



Table III. ( Continued.) 





ALTAIR 

a of 
Aquila 
Mag. 0.9 


DENEB 

a of 
Cygnus 
Mag. 1.3 


AL NA'IR 

a of 
Grus 
Mag. 2.2 


FOMALHAUT 

a of 

Piscis Austr 
Mag. 1.3 


MARKAB 

a of 
Pegasus 
Mag. 2.6 


Date 


Ra. 


Decl. 


Ra. 


Decl. 


Ra. 


Decl. 


Ra. 


Decl. 


Ra. 


Decl. 


1944 




0 t 




o t 




# o t 




O / 




0 9 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 


a 

Q 

00 

Tin 

si 

05 


+8 43.2 
+8 43.1 
+8 43.1 
+8 43.1 
+8 43.1 
+8 43.2 
+8 43.3 
+8 43.4 
+8 43.5 
+8 43.5 
+8 43.5 
+8 43.4 


a 

iq 

05 

CO 

o 

CM 


+45 4.9 
+45 4.8 
+45 4.6 
+45 4.6 
+45 4.6 
+45 4.7 
+45 4.8 
+45 5.0 
+45 5.1 
+45 5.2 
+45 5.3 
+45 5.2 


a 

!>• 

TH 

o 

si 

CM 

CM 


—47 14.2 
—47 14.1 
—47 14.0 
—47 13.9 
—47 13.8 
—47 13.7 
—47 13.6 
—47 13.7 
—47 13.7 
—47 13.8 
—47 13.9 
—47 13.9 


a 

iq 

si 

CM 

CM 


—29 55.5 
—29 55.4 
—29 55.4 
—29 55.3 
—29 55.2 
—29 55.0 
—29 55.0 
—29 54.9 
—29 55.0 
—29 55.0 
—29 55.1 
—29 55.1 


a 

05 

i— < 

o 

£ 

CO 

CM 


+ 14 54.2 
+14 54.1 
+14 54.0 
+14 54.0 
+14 54.0 
+14 54.1 
+14 54.2 
+ 14 54.3 
+ 14 54.4 
+14 54.5 
+14 54.5 
+14 54.5 


1945 




o t 




O / 




O / 




O 9 




O 9 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 


a 

T— 1 

00 

JZ 

05 

l — 1 


+8 43.3 
+8 43.2 
+8 43.2 
+8 43.2 
+843.2 
+8 43.3 
+8 43.4 
+8 43.5 
+8 43.6 
+8 43.6 
+8 43.6 
+8 43.5 


B 

iq 

05 

CO 

o 

CM 


+45 5.0 
+45 4.9 
+45 4.7 
+45 4.7 
+454.7 
+45 4.8 
+45 4.9 
+45 5.1 
+45 5.2 
. +45 5.3 
+45 5.4 
+45 5.3 


s 

OO 

o 

si 

CM 

CM 


—47 14.0 
—47 13.9 
—47 13.8 
—47 13.7 
—47 13.6 
—47 13.5 
—47 13.4 
—47 13.5 
—47 13.5 
—47 13.6 
—47 13.7 
—47 13.7 


a 

o 

s: 

CM 

CM 


—29 55.2 
—29 55.1 
—29 55.1 
—29 55.0 
—29 54.9 
—29 54.7 
—29 54.7 
—29 54.6 
—29 54.7 
—29 54.7 
—29 54.8 
—29.54.8 


a 

o 

CM 

o 

£ 

CO 

CM 


+14 54.5 
+ 14 54.4 
+14 54.3 
+14 54.3 
+ 14 54.3 
+14 54.4 
+ 14 54.5 
+ 14 54.6 
+ 14 54.7 
+ 14 54.8 
+ 14 54.8 
+14 54.8 






















Table III. (Continued.) 



1 


ALPHERATZ 

a of 

Andromeda 
Mag. 2.2 


DENEB KAITOS 

P of 
Cetus 
Mag. 2.2 


ACHERNAR 

a of 

Eridanus 
Mag. 0.6 


ALDEBARAN 

a of 
Taurus 
Mag. 1.1 


RIGEL 

P of 
Orion 
Mag. 0.3 


CAPELLA 

o of 
Auriga 
Mag. 0.2 




£a. 


Egg 


IQ 




3,a. 




3 




3 








1946 




mm 


a 


■KB 




ays 


■ 


mm 




mm 




sai 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 


a 

CD 

id 

o 

o 


+28 47.5 
+28 47.5 
+28 47.4 
+28 47.3 
+28 47.3 
+28 47.3 
+28 47.4 
+28 47.5 
+28 47.7 
+28 47.8 
+28 47.9 
+28 47.9 


a 

p 

o 

£2 

o 


—18 17.2 
—18 172 
—18 172 
—18 17.1 
—18 17.0 
—18 16.9 
—18 16.8 
—18 16.7 
— 18 16.7 
—18 16.7 
—18 16.8 
—18 16.8 


a 

id 

CO 

£l 

t-H 


—57 31.0 
—57 31.0 
—57 30.9 
—57 30.8 
—57 30.6 
—57 30.4 
—5730.3 
—57 30.2 
—57 302 
—57 30.3 
—57 30.5 
—57 30.6 


a 

00 

cd 

CO 

42 

TP 


+ 1624.1 
+ 16 24.1 
+ 16 24.1 
+ 1624.1 
+ 16 24.1 
+ 1624.1 
+ 1624.1 
+ 16 24.2 
+ 16 24.2 
+ 16 24.3 
+ 16 24.3 
+ 16 24.3 


a 

05 

£2 

IQ 


— S15.8 
—8 15.9 
— 8 16.0 
— 8 15.9 
— S15.9 
— S15.8 
— 8 15.7 
— 8 15.6 
— 8 15.6 
—8 15.6 
— 8 15.6 
— 8 15.7 


a 

cd 

43 

IO 


+45 56.8 
+45 56.8 
+45 56.9 
+45 56.8 
+45 56.8 
+45 56.7 
+45 56.7 
+45 56.6 
+4556.6 
+45 56.6 
+45 56.7 
+45 56.7 


1947 






■ 


0 t 




0 / 




0 / 




O / 




0 f 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 


a 

CD 

id 

o 

£2 

o 


+28 47.9 
+28 47.9 
+28 47.8 
+28 47.7 
+28 47.7 
+28 47.7 
+28 47.8 
+28 47.9 
+28 48.1 
+28 48.2 
+28 48.3 
+28 48.3 


a 

o 

£2 

o 


—18 16.8 
—18 16.8 
—18 16.8 
—18 16.7 
—18 16.6 
—18 16.5 
—18 16.4 
—18 16.3 
—18 16.3 
—18 16.3 
—18 16.4 
—18 16.4 


a 

N 

id 

CO 

43 

T“H 


— 57 30.7 
—57 30.7 
—57 30.6 
—57 30.5 
—57 30.3 
— 57 30.1 
—57 30.0 
— 57 29.9 
—57 29.9 
—57 30.0 
—57 302 
—5730.3 


a 

OJ 

a 

CO 

■c 


+ 16 24.3 
+1624.3 
+ 1624:3 
+ 16 24.3 
+ 16 24.3 
+ 16 24.3 
+ 16 24.3 
+ 16 24.4 
+ 16 24.4 
+ 1624.5 
+ 16 24.5 
+ 16 24.5 


t, 

cd 

£3 

IO 

' 


— 8 15.6 
— 8 15.7 
— 8 15.8 
—815.7 
—815.7 
—815.6 
—815.5 
—8 15.4 
—8 15.4 
—815.4 
—815.4 
—8 15.5 


a 

cd 

t-H 

43 

IO 


+45 56.9 
+45 56.9 
+45 57.0 
+45 56.9 
+45 56.9 
+45 56.8 
+45 56.8 
+45 56.7 
+45 56.7 
+45 56.7 
+45 56.8 
+45 56.8 


1948 




0 / 




O / 




0 / 




0 t 




' o - / 


■ 


-TO"— "‘I 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 


a 

id 

o 

£2 

o 


+28 48.2 
+28 48.2 
+28 48.1 
+28 48.0 
+28 48.0 
+28 48.0 
+28 48.1 
+28 48.2 
+28 48.4 
+28 48.5 
+28 48.6 
+28 48.6 


a 

o 

£2 

O 


—18 16.5 
—18 16.5 
—18 16.5 
—18 16.4 
—18 16.3 
—18 162 
—18 16.1 
—18 16.0 
—18 16.0 
—18 16.0 
—18 16.1 
—18 16.1 


a 

CO 

id 

CO 

£2 


—5730.3 
—57 30.3 
—57 302 
—57 30.1 
—57 29.9 
— 57 29.7 
— 57 29.6 
—5729.5 
—5729.5 
—57 29.6 
— 57 29.8 
—5729.9 


a 

p 

CO 

42 


+ 16 24.5 
+1G24.5 
+ 1624.5 
+ 16 24.5 
+ 16 24.5 
+ 16 24.5 
+ 1624.5 
+16 24.6 
+ 16 24.6 
+ 16 24.7 
+ 1624.7 
+ 16 24.7 


a 

p 

<N* 

43 

IO 


—815.5 
—815.6 
—815.7 
—815.6 
—815.6 
—815.5 
—8 15.4 
—815.3 
—815.3 
—815.3 
—815.3 
—815.4 


a 

00 

<M 

43 ' 
IO 


+45 56.9 
+45 56.9 
+45 57.0 
+45 56.9 
+45 56.9 
+45 56.8 
+45 56.8 
+45 56.7 
+45 56.7 
+45 56.7 
+45 56.8 
+4556.8 



232 


































BETELGEUX 

a of 
Orion 

Var 0.1— 1.2 



SIRIUS PROCYON POLLUX REGULUS 

a of a of /3 of o of 

Canis Major Canis Minor Gemini Leo 

Mag. — 1.6 Mag. 0.5 Mag. 1.2 Mag. 1.3 



DENEBOLA 

fi of 
Leo 

Mag. 2.2 




Jan. 
Feb. 
Mar. 
Apr. 
May s 
June ^ 
July 10 
Aug. 
Sep. 

Oct. 
Nov. 
Dec. 



Jan. 
Feb. 
Mar. 
Apr. 
May 0 
June ” 
July * 
Aug. 
Sep. 

Oct. 

Nov. 

Dec. 



Jan. 
Feb. 
Mar. 
Apr. 
May a 
June £4 
July * 
Aug. ** 
Sep. 

Oct. 

Nov. 

Dec. 



+7 23.9 
+7 23.8 
+723.8 
+7 23.8 
+7 23.8 
+7 23.9 
+7 23.9 
+724.0 
+724.0 
+724.0 
+724.0 
+7 23.9 



+7 24.0 
+723.9 
+7 23.9 
+723.9 
+7 23.9 a 
+7 24.0 3 
+724.0 J 
+7 24.1 50 
+724.1 
+7 24.1 
+7 24.1 
+724.0 



+7 24.1 
+724.0 
+724.0 
+724.0 
+724.0 
+7 24.1 
+7 24.1 
+724.2 
+724.2 
+724.2 
+7 24.2 
+7 24.1 






+14 52.4 
+ 14 52.3 
+ 14 52.3 
+1452.3 
£ +1452.4' 
S +1452.4 
* +14 52.4 
~ +14 52.4 
+ 1452.4 
+14 52.4 
+14 52.31 
+1452.2 



16 38.5 




+5 


21.7 


16 38.6 




+5 


21.6 


16 38.7 




+5 


21.6 


16 38.7 




+5 


21.6 


16 38.7 


0 


+5 


21.6 


16 38.6 


CO 

c b 


+5 


21.6 


16 38.5 


CO 


+5 


21.6 


16 38.4 




+5 


21.7 


16 38.4 




+5 


21.7 


1638.3 




+5 


21.7 


1638.4 




+5 


21.7 


1638.5 




+5 


21.6 



+28 9.4 
+28 9.4 
+28 9.5 
+289.5 
+289.5 a 
+289.5 »o 
+28 9.5 ° 
+289.5 
+289.4 
+289.4 
+28 9.3 
+28 9.3 



+28 92 
+28 9.2 
+28 9.3 
+28 9.3 
+289.3 £ 
+28 9.3 g 
+289.3 7 
+289.3 2 
+2892 
+2892 
+28 9.1 
+289.1 



+ 12 13.6 
+12 13.6 
+12 13.5 
+12 13.5 
+1213.6 a 
+12 13.6 2 
+12 13.6 r 
+12 13.6 ~ 
+12 13.6 
+12 13.6 
+12 13.5 
+12 13.4 



+12 13.3 
+12 13.3 
+ 12 13.2 
+12 13.2 
+1213.3 a 
+12 13.3 2 

+12 13.3 r 

+12 13.3 ~ 
+12 13.3 
+1213.3 * 
+12 13.2 
+1213.1 































Table III. ( Continued.) 




ARCTURUS RIGEL KEHT AHTARE8 VEGA 

a of a of a of a of 

Bootes Centaurus Scorpio Lyra 

Mag. 0.2 Mag. 0.3 Mag. 1.2 Mag. 0.1 





+38 43.9 
+38 43.7 
+38 43.6 
+38 43.6 
a +38 43.7 
5 +38 43.8 
” +38 43.9 
2 +38 44.1 
+38 44.2 
+38 44.2 
+38 44.2 
+38 44.1 



+19 27.4 




+19 27.3 




+19 272 




+19 27.3 




+19 27.3 


S 


+ 19 27.4 


O 

cb 


+ 19 27.5 


CO 


+ 19 27.5 


T—< 


+ 19 27.5 




+19 27.4 




+ 19 27.3 




+ 19 272 






+ 19 27.0 
+ 19 26.9 
+19 26.8 
+19 26.9 
a +19 26.9 a 
2 +19 27.0 ° 
* +19 27.1 ” 
2 +19 27.1 2 
+19 27.1 
+ 19 27.0 
+19 26.9 
+19 26.8 




+38 43.9 
+3843.7 
+38 43.6 
+38 43.6 
a +38 43.7 
2 +38 43.8 
” +38 43.9 
2 +38 44.1 
+38 44.2 
+38 44.2 
+3844.2 
+38 44.1 


















ALTAIR 

a of 
Aquila 
Mag. 0.9 




DENEB 

o of 
Cygnus 
Mag. 1.3 



AL NA'IR 

a of 
Grus 
Mag. 2.2 



FOMALHAUT 

a of 

Piscis Austr 
Mag. 1.3 



MARKAB 

o of 
Pegasus 
Mag. 2.6 





+45 5.2 




+45 5.1 




' +45 4.9 




+45 4.9 




+45 4.9 




+45 5.0 


oo 


+45 5.1 


C> 

X! 


+45 5.3 


CM 

cm 


+45 5.4 




+45 5.5 




+45 5.6 




+45 5.5 





—29 54.8 




+ 14 54.8 


—29 54.7 




+ 14 54.7 


—29 54.7 




+ 14 54.6 


—29 54.6 




+14 54.6 


—29 54.5 




+14 54.6 


—29 54.3 


CM 

o 


+14 54.7 


—29 54.3 


X! 


+14 54.8 


—29 542 


CO 

CM 


+14 54.9 


— 29 54 3 




+ 14 55.0 


—29 54.3 




+ 14 55.1 


—29 54.4 




+14 55.1 


—29 54.4 




+ 14 55.1 



+45 5.4 




+45 5.3 




+45 5.1 




+45 5.1 




+45 5.1 


S 


+45 5.2 


O 

3 


+45 5.3 


X 


+45 5.5 


CM 

CM 


+45 5.6 




+45 5.7 




+45 5.8 




+45 5.7 





+8 


43.6 




+45 


5.6 




— 47 


13.1 


+8 


43.5 




+45 


5.5 




— 47 


13.0 


+8 


43.5 




+45 


5.3 




— 47 


12.9 


+8 


43.5 




+45 


5.3 




— 47 


12.8 


+8 


43.5 


a 


+45 


5.3 


a 


— 47 


12.7 


+8 


43.6 


o 


+45 


5.4 


JO 


— 47 


12.6 


+8 


43.7 


X 


+45 


5.5 


X 


— 47 


12.5 


+8 


43.8 


CM 


+45 


5.7 


CM 

CM 


— 47 


12.6 


+8 


43.9 




+45 


5.8 




— 47 


12.6 


+8 


43.9 




+45 


5.9 




— 47 


12.7 


+8 


43.9 




+45 


6.0 




— 47 


12.8 


+8 


43.8 




+45 


5.9 




— 47 


12.8 





—29 54.5 +14 552 

— 29 54.4 +14 55.1 

—29 54.4 +14 55.0 

—29 54.3 +14 55.0 

^ —29 54.2 ^ +14 55.0 

^ —29 54.0 § +14 55.1 

« —29 54.0 T +14 55.2 

S —29 53.9 « +14 55.3 

—29 54.0 +14 55.4 

—29 54.0 +14 55.5 

—29 54.1 +14 55.5 

—29 54.1 +14 55.5 



+ 14 55.5 
+14 55.4 
+14 55.3 
+14 55.3 
+14 55.3 
+ 14 55.4 
+14 55.5 
+14 55.6 
+14 55.7 
+14 55.8 
+14 55.8 
+14 55.8 



-2953.9 a 
-29 53.7 g 
-29 53.7 r 
-29 53.6 S3 
-29 53.7 
-29 53.7 
-29 53.8 
-29 53.8 

































Table IV. Azimuths of Polaris at maximum elongation for the years 1944-50 



Lati - 

tude 


1944 


1945 


1946 


1947 


1948 


1949 


1950 


o 


o / 


o / 


0 t 


O 9 


O 9 


O 9 




10 


1 1.1 


1 0.8 


1 0.5 


1 0.1 


0 59.8 


0 59.5 


0 59.1 


11 


1.3 


1.0 


0.7 


0.3 


0.0 


59.8 


59.3 


12 


1.6 


1.2 


0.9 


0.6 


0.2 


59.9 


59.5 


13 


1.8 


1.5 


1.1 


0.8 


0.5 


1 0.1 


59.8 


14 


2.1 


1.7 


• 1.4 


1.0 


0.7 


0.4 


1 0.0 


15 


2.3 


2.0 


1.7 


1.3 


1.0 


0.6 


0.3 


16 


2.6 


2.3 


2.0 


1.6 


1.3 


0.9 


0.6 


17 


3.0 


2.6 


2.3 


1.9 


1.6 


1.2 


0.9 


18 


' 3.3 


3.0 


2.6 


2.3 


1.9 


1.6 


1.2 


19 


3.7 


3.3 


3.0 


2.6 


2.3 


1.9 


1.6 


20 


4.1 


3.7 


3.4 


3.0 


2.7 


2.3 


2.0 


21 


4.5 


4.1 


3.8 


3.4 


3.1 


2.7 


2.4 


22 


4.9 


4.6 


4.2 


3.9 


3.5 


3.2 


2.8 


23 


5.4 


5.1 


4.7 


4.3 


4.0 


3.6 


3.3 


24 


5.9 


5.5 


5.1 


4.8 


4.5 


4.1 


3.8 


25 


1 6.4 


1 6.1 


1 5.7 


1 5.3 


1 5.0 


1 4.6 \ 


1 . 4.2 


26 


7.0 


6.6 


6.3 


5.9 


5.5 


5.1 


4.8 


27 


■' 7.5 


7.2 


6.8 


6.5 


6:1 


5.7 


5.3 


28 


8.2 


7.8 


7.4 


7.1 


6.7 


6.3 


5.9 


29 


8.8 


8.5 


8.1 


7.7 


7.3 . 


6.9 


6.5 


30 


9.5 


9.1 


8.8 


8.4 


8.0 


7.6 


7.2 


31 


10.2 


9.9 


9.5 


9.1 


8.7 


8.3 


7.9 


32 


11.0 


10.6 


10.2 


9.8 


9.4 


9.0 


8.6 


33 


11.8 


11.4 


11.0 


10.6 


10.2 


9.8 


9.4 


34 


12.6 


12.2 


11.8 


11.4 


11.0 


10.6 


10.2 


35 


13.5 


13.1 


12.7 


12.3 


11.9 


11.5 


11.1 


36 


14.4 


14.0 


13.6 


13.2 


12.8 


12.4 


11.9 


37 


15.4 


15.0 


14.6 


14.1 


13.7 


13.3 


12.9 


38 


16.4 


16.0 ' 


15.6 


15.1 


14.7 


14.3 


13.9 


39 


17.4 


17.0 


16.6 


16.2 


15.8 


15.3 


14.9 


40 


18.6 


' 18.2 


17.7 


17.3 


16.9 


16.4 


16.0 


41 


19.7 


19.3 


18.9 


18.5 


18.0 


17.6 


17.1 


42 


21.0 


20.6 


20.1 


19.7 


19.2 


18.8 


18.3 


43 


22.3 


21.9 


21.4 


21.0 


20.5 


20.0 


19.6 


44 


23.7 


23.2 


22.8 


22.3 


21.9 


21.4 


20.9 


45 


25.1 


24.7 


24 2 


23.7 


23.3 


22.8 


22.3 


46 


26.6 


26.2 


25.7 


25.2 


24.8 


24.8 


23.8 


47 


28.3 


27.8 


27.3 


26.8 


26.3 


25.8 


25.3 


48 


30.0 


29.5 


29.0 


28.5 


28.0 


27.5 


27.0 


49 


31.7 


31.5 


30.8 


30.3 


29.8 


29.2 


28.7 


50 


1 33.6 


1 33.2 


1 32.6 


1 32.1 


1 31.6 


1 31.1 


1 30.6 


51 


35.7 


35.2 


34.6 


34.1 


33.6 


33.1 


32.5 


52 


37.8 


37.3 


36.8 


36.2 


35.7 


35.1 


34.5 


53 


40.0 


39.7 


39.0 


38.4 


37.9 


37.3 


36.8 


54 


42.4 


41.9 


41.3 


40.8 


40.2 


39.6 


39.1 
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Table IV — Continued 



Lati- 

















tude 


1944 


1945 


1946 


1947 


1948 


1949 


1950 


O 


o 9 


o 9 


O / 


O 9 


O 9 


O / 


O 9 


55 


45.0 


44.4 


43.8 


43.3 


42.7 


42.1 


41.5 


56 


47.6 


47.1 


46.5 


45.9 


45.3 




44.2 


57 


50.8 


49.9 


49.3 


48.7 


48.1 




46.9 


58 


53.6 


53.0 


52.4 


51.8 


51.1 


50.5 


49.9 


59 


56.9 


56.3 


55.6 


55.0 


54.4 


53.7 


53.1 


60 


2 0.4 


59.8 


59.1 


58.5 


58.1 


' 57.1 


56.5 



Corrections for 
middle of months 



For 

middle 

of 


Correc- 

tion, 

min. 


January 


—0.5 


February 


—0.4 


March 


—0.3 


April 


—0.1 


May 


+0.1 


June 


+0.2 


July 


+0.2 


August 


+0.1 


September 


—0.1 


October 


—0.3 


November 


—0.6 


December 


—0.8. 




















APPENDIX II 

AIR DEFENSE GRID TABLES 



Lengths of basic grid and fifth division grid for each 
degree of latitude from 0 ° to 80°. 



Latitude 
Degrees 
N or S 


Latitude 


Longitude 


48' 

Latitude 
in Miles 


48' 

Latitude 
in Yards 


5th 

Division 
Grid 
in Yards 


48' 

Longitude 
in Miles 


48' 

Longitude 
in Yards 


5th 

Division 
Grid 
in Yards 


0 


54.963 


96730 


9673 


55.338 


97390 


9739 


1 


54.963 


96730 


9673 


55.330 


97380 


9738 


■ 2 


54.964 


96740 


9674 


55.304 


97340 


9734 


3 


54.965 


96740 


9674 


55.262 


97260 


9726 


4 


54.966 


96740 


9674 


55.204 


97160 


9716 


5 


54.968 


96740 . 


9674 


55.129 


97030 


9703 


6 


54.970 


96750 


9675 


55.036 


96860 


9686 


7 


54.972 


96750 


9675 


54.928 


96670 


. 9667 


8 


54.974 


96750 


9675 


54.803 


96450 


9645 


9 


54.977 


96760 


9676 


54.661 


96200 


9620 


10 


54.980 


96760 


9676 


54.503 


95930 


9593 


11 


54.984 


96770 


9677 


54.328 


95620 


9562 


12 


54.987 


96780 


9678 


54.136 


95280 


9528 


13 


54.991 


96780 


9678 


53.928 


94910 


9491 


14 


54.995 


96790 


9679 


53.705 


94520 


9452 


15 


55.001 


96800 


9680 


53.464 


94100 


9410 


16 


55.006 


96810 


9681 


53.208 


93650 


9365 


17 


55.011 


96820 


9682 


52.935 


93170 


9317 


18 


55.017 


96830 


9683 


52.646 


92660 


9266 


19 


55.022 


96840 


9684 


52.342 


92120 


9212 
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Latitude 
Degrees 
N or S 



20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 



Latitude 


Longitude 


48' 

Latitude 
in Miles 


48' 

Latitude 
in Yards 


5th 

Division 
Grid 
in Yards 


48' 

Longitude 
in Miles 


48' 

Longitude 
in Yards 


5 th 

Division 
Grid 
in Yards 


55.029 

55.035 

55.042 

55.049 

55.056 

55.063 

55.071 

55.078 

55.086 

55.095 

55.103 

55.112 

55.121 

55.130 

55.138 

55.148 

55.157 

55.166 

55.175 

55.185 

55.194 . 


96850 

96860 

96870 

96890 

96900 

96910 

96920 

96940 

96950 

96970 

96980 

97000 

97010 

97030 

97040 

97060 

97080 

97090 

97110 

97130 

97140 


9685 

9686 

9687 

9689 

9690 

9691 

9692 

9694 

9695 

9697 

9698 

9700 

9701 

9703 

9704 
9706 

9708 

9709 
9711 

9713 

9714 


52.021 

51.685 

51.333 

50.965 
50.582 • 
50.183 
49.770 
49.341 
48.898 
48.438 

47.965 
47.476 
46.973 
46.457 
45.926 
45.380 
44.822 
44.249 
43.663 
43.063 
42.450 


91560 ' 
90970 
90350 
89700 
89020 
88320 
87600 
86840 
86060 
85250 
84420 
83560 
82670 
81760 
80830 
79870 
78890 
77880 
76850 
75790 
74710 


9156 

9097 

9035 

8970 

8902 

8832 

8760 

8684 

8606 

8525 

8442 

8356 

8267 

8176 

8083 

7987 

7889 

7788 

7685 

7579 

7471 
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Latitude 
Degrees 
N or S 


Latitude 


Longitude 


' 48' 
Latitude 
in Miles 


48' - 
Latitude 
in Yards 


5th 

Division 
Grid 
in Yards 


72' 

Longitude 
in Miles 


72' 

Longitude 
in Yards 


5th 

Division 
Grid 
in Yards 


40 


55.194 




9714 


63.676 






41 


55.205 


97160 


9716 


62.737 


110420 




42 


55.214 


97180 


9718 


61.780 


108730 




43 


55.224 


97190 


9719 


60.803 






44 


55.234 




■ 


59.808 






45 


55.243 


1 


1 


58.794 


103480 


10348 


46 


55.253 




9725 


57.763 




10166 


47 


55.263 




9726 


56.713 


99810 


9981 


48 


55.273 


■ 


9728 


55.646 


97940 


9794 


49 


55.282 




9730 


54.563 


96030 


9603 


50 


55.289 


97310 


9731 


53.462 




9409 


51 


55.302 


97330 


9733 


52.345 




9213 


52 


55.311 


97350 


9735 


51.211 


90130 


9013 


53 


55.321 


97360 


9736 


50.063 


88110 


8811 


54 


55.330 


97380 


9738 


48.899 


86060 


8606 


55 


55.340 


97400 


9740 


47.719 


83990 


8399 


56 


55.349 


97410 


9741 


46.525 


81880 


8188 


57 


55.358 




9743 


45.317 


79760 


7976 


58 


55.367 




9745 


44.094 


77610 


7761 . 


59 


55.376 


97460 


9746 


42.859 


75430 


7543 


60 


55.384 


97480 


9748 


41.609 


73230 


7323 




















Latitude 


Longitude 


Latitude 


108' 


108' 


5th 

Division 


108' 


108' 


5th 

Division 


Degrees 


Latitude 


Latitude 


Grid 


Longitude 


Longitude 


Grid 


N or S 


in Miles 


in Yards 


in Yards 


in Miles 


in Yards 


in Yards 


60 


55.384 




BKC7 


62.413 


109850 


10985 


61 


55.393 






60:521 


106520 


10652 


62 


55.401 


97510 


9751 


58.608 


103150 


10315 


63 


55.409 


97520 


9752 


56.678 


99750 


9975 


64 


55.417 


97530 


9753 


54.731 


96330 


9633 


65 


55.425 


97550 


9755 


52.767 


92880 


9288 


66 


55.432 


97560 


9756 


50.787 


89390 


8939 


67 


55.439 


. 97570 


9757 


48.791 


85870 


8587 


68 


55.446 


97580 


9758 


46.778 


82330 


8233 


69 


55.453 


97600 


9760 


44.752 


78760 


7876 


70 


55.459 


97610 


9761 


42.712 


75170 


7517 


71 


55.466 


97620 


9762 


40.660 


71560 


7156 


72 


55.472 


97630 


9763 


38.594 


67930 


6793 


73 


55.478 


97640 


9764 


• 36.517 




6427 


74 


55.483 


97650 


9765 


34.429 


60600 


6060 


75 


55.488 


97660 


9766 


32.328 


56900 


5690 


76 


55.493 


97670 


9767 


30.218 


53180 


5318 


77 


55.498 


97680 


9768 


28.100 


49460 


4946 


78 


55.502 


97680 


9768 


25.970 


45710 


4571 


79 


55.506 


97690 


' 9769 


23.836 


41950 


4195 


80 


55.509 


97700 


9770 


21.692 


38180 


3818 



241 













INDEX 



Accuracy of map leveling 

Adjustment of &X and Al r errors. 
Ageton : 

Computations 

Form i 

Formulae 

Method 

Procedure 

Theory 

Air defense grid 

Alignment of tape 

Altitude ! 

Altitude formula 

Altitude method: 

Solar 

Stellar 

Any star: 

Altitude method 

Computation 

Example 

Procedure 

Selection of star 

Summary 

Equal altitudes 

Notes 

Procedure 

Summary 

Hour angle method 

Computation 

Procedure 

Summary 
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Basic methods 
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